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EXPLANATION  OF  PLATE. 

1'*IG.  I. — Staphylococcus  1'vogknes  Aureus.  Culture  in  nutrient  a^ar-aKar. 
It  will  be  noted  that  the  orange  colour  is  limited  to  the  surface,  the  deex>er 
portions  of  the  growth  occurring  along  the  line  of  puncture  being  white 
(see  p.  J48J. 

Fig.  2. — Bacillus  Anthracis.  Culture  in  nutrient  agar-agar.  The  growth 
covers  the  surface,  and  extenrls  along  the  line  of  puncture  in  the  form  of 
a  thick  white  streak,  with  finer  streaks  spreading  at  right  angles  from  it, 
especially  in  the  upper  part  (see  p.  357). 

KiG.  3. — The  Bacillus  of  Malignant  (Kdema.  Culture  in  nutrient  agar-agar. 
The  growth  occurs  in  that  part  of  the  line  of  puncture  which  is  furthest 
from  the  air.  Here  it  has  a  somewhat  irregular  outline  and  jagged  edge. 
When  traced  upwards,  it  soon  diminishes  to  a  just  perceptible  tract. 
There  is  a  characteristic  development  uf  air-bubbles  in  the  neighbour- 
hood of  the  growth  (see  p.  370). 

l*'iG.  4.— Bacillus  Diphtheri/K.  Culture  on  Ltrffler's  blood-serum.  This 
drawing  is  made  from  two  separate  cultures.  The  outlying  grey  spots. 
with  the  centre  rather  more  opaque  than  the  periphery  (p.  JO5),  is  the 
form  generally  seen  in  primary  cultures.  The  continuous  line  of  growth 
represents  a  common  form  assumed  in  secondary  and  subsequent  cultures 
(see  p.  363). 

I'iti,  5. — The  Spirillum  of  Cholera.  Culture  in  nutrient  gelatine,  at  end  of 
second  day.  Liquefaction  has  occurred  at  the  upper  end  of  the  puncture, 
and  a  bell-shaped  cavity  is  produced.  The  principal  part  of  the  culture 
lies  in  the  lower  part  of  this  depression  and  in  the  upper  part  of  its  cork- 
screw like  termination  (see  p.  370). 

Fig.  6. — Bacillus  Tuberculosis.  Culture  on  glycerine- agar.  The  greater  part 
of  the  growth  consists  of  opaque,  greyish  or  yellowish,  hca|H:d-«p  masses  , 
but  at  the  periphery,  thin  ilakes  or  scales,  which  are  very  ch.vracttTiHtic. 
can  be  seen  (see  p.  393). 
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PREFACE. 


The  last  edition  of  this  text-book  was  so  thoroughly  revised  by  Mr. 
Stanley  Boyd  that  my  task  in  editing  the  present  issue  has  been 
comparatively  light  The  rapid  accumulation  of  factSj  and  the  conse- 
quent changes  in  opinion  which  have  distinguished  many  departments 
of  pathology,  have,  however,  rendered  it  necessary  that  several  new 
sections  should  be  added,  and  several  old  ones  rewritten  or  withdrawn. 
In  making  such  changes  as  seemed  advisable — and  they  occur  on  every 
page — I  have  adopted  Dr.  Green's  concise  and  lucid  sentences  as  my 
model,  so  that  no  disadvantages  should  accrue  from  the  admixture  of 
different  styles  of  composition. 

In  view  of  the  existence  of  many  larger  and  more  elaborate  treatises 
on  pathology,  it  has  seemed  unnecessary  to  burden  these  pages  with 
precise  references  to  original  papers.  I  have,  however,  on  several 
occasions  referred  the  reader  to  articles  likely  to  be  within  his  imme- 
diate reach. 

Sixty  new  illustrations  and  a  coloured  frontispiece  have  been  added. 
To  these  the  increase  in  size  is  mainly  due.  Nearly  all  of  them  are 
from  drawings  or  engravings  by  Mr.  Collings,  who  has  taken  the  utmost 
pains  to  ensure  clearness  and  accuracy.  Some  of  these  replace  less 
satis&ctory  illustrations  in  the  last  edition.  In  every  case  where 
specimens  have  been  lent,  I  have  acknowledged  their  source — in  the 
case  of  those  which  have  appeared  in  previous  editions,  by  adding  the 
name  of  the  donor ;  and  in  that  of  specimens  which  appear  for  the  first 
time  in  this  edition,  by  a  slightly  longer  and  therefore  distinguishing 
statement. 

I  gladly  avail  myself  of  this  opportunity  of  acknowledging  the  help 
I  have  received.  To  my  friends  and  colleagues,  Dr.  Mott,  Dr.  Arkle, 
and   Mr.   Stanley   Boyd,    I   am   indebted   both   for  suggestions  and 
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specimens.  Dr.  Mott  has,  in  addition,  contributed  the  chapter  on 
Diseases  of  the  Nervous  System.  I  much  regret  that  exigencies  of 
space  have  prevented  him  from  dealing  more  fully  with  the  subject. 
In  like  manner,  Mr.  Boyd  has  written  the  section  on  Tubercular 
l>iseases  of  Bones  and  Joints.  For  various  items  of  help— specimens, 
drawings,  blocks,  or  criticism — I  am  also  indebted  to  Dr.  Macfadyen, 
Dr.  Manson,  Dr.  ^RoUeston,  Dr.  Ruffer,  Dr.  Sherrington,  Dr.  Woodhead, 
and  Messrs.  J.  B.  Lippincott  Co.  The  Index  has  been  prepared  by  my 
friend  and  demonstrator,  Mr.  Harold,  who  has  also  assisted  me  in  the 
revision  of  the  proof-sheets.  I  trust  that  Mr.  Renshaw's  good  nature 
in  carrying  out  all  my  whims  in  the  matter  of  type,  paper,  and  other 
details  will  be  appreciated  by  the  reader  whose  labour  I  have  thus 
sought  to  lighten. 

I  can  only  hope  that  neither  lack  of  knowledge  nor  defect  of  judg- 
ment on  my  part  will  in  any  way  mar  the  reputation  of  this  text-book, 
or  stultify  the  confidence  which  Dr.  Green,  my  predecessor  in  the 
Lectureship  on  Pathology  at  Charing  Cross  Hospital,  has  ventured  to 
repose  in  me. 

H.   MONTAGUE   MURRAY. 
Marth,  289o. 
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INTRODUCTION, 


Anatomy  and  histology  investigate  the  naked-eye  and  microscopic 
structure  of  the  healthy  body ;  physiology  examines  the  functions  of 
the  parts  revealed  by  them,  and  studies  the  chemical  processes  which 
constitute  healthy  life.  To  obtain  a  knowledge  of  disease,  parallel 
courses  must  be  adopted.  At  post-mortem  examinations  we  note  all 
the  naked-eye  departures  from  normal  anatomy ;  with  the  microscope 
we  discover  the  finer  changes  to  which  these  departures  are  due ;  and 
by  experimental  methods  and  bedside  observations  we  investigate  the 
causes  of  the  abnormal  structure  and  function,  their  mode  of  action, 
and  the  nature  and  sequence  of  the  disturbances  which  they  produce. 
In  other  words,  just  as  we  have  anatomy,  histology,  and  physiology,  so 
also  we  have  morbid  anatomy,  morbid  histology,  and  pathology. 

Our  guiding  principle  in  modem  pathology  is  that  we  have  to  deal 
not  with  new  tissue-cells  and  functions,  but  simply  with  disturbances 
of  ordinary'  elements  and  functions.  It  is  obvious,  therefore,  that  for 
the  purpose  of  studying  disease,  our  acquaintance  with  the  body  in 
health  cannot  be  too  intimate.  New  cells  (bacteria)  and  even  entire 
animals  (parasitic  worms)  are  frequently  introduced  into  the  tissuesj 
but  as  causes,  not  products,  of  disease. 

The  complex  human  organism  can  be  reduced  to  very  simple 
elements — the  celis,  and  the  intercellular  substatuxs  to  which  they  give 
origin.  These  two  elements  make  up  every  tissue.  Sometimes  the 
cells  are  in  excess,  as  in  the  epidermis,  where  they  seem  to  be  in 
absolute  contact ;  and  sometimes  the  intercellular  substance,  as  in  the 
connective  tissues.  It  is  now  universally  believed  that  the  individual 
cell  is  the  seat  of  nutrition  and  function.  Health  and  disease  must  be 
considered  as  terms  referring,  not  to  the  body  as  a  whole,  but  to  the 
actual  cells  of  which  it  consists. 


INTRODLCTION. 

Oeforc  treating  of  diaensc  aHusion  must  l>c  made  t"  the  con*iHti»tJon 
ol"  cells  ill  health;  as  well  as  to  their  functions,  and  to  the-  Pdiulitinm 
under  which  these  are  nornially  dischar^d. 

CONSTITUTION   OF  CELLS— When  Schwann  t  sUblishcd 
the  analogy  bet-wcen  the  iinimnl  and  vegetable  cell   the  fonncr  ww 
held    to   be    constnictcd,  in    all    oa&es,  upon    the    same 
principle    as   the    latter,  and    to    consist,  tliercfore,  of  • 
cell-wall  enclosing  a  cavity  in  which   were  contained  a 
nncleiu  and  fluid   contents  (Fig-  1).     But    the    (ket 
that  no  cell-wall  could  be   demonstrated   in   embryonic 
cells,   blood-corpuscles,  and    the   cells   of  many   rapidly 
grr>wlng  new  formations,  led   I^eydig  and  Max  Schultxr 
to   believe    that    a    httle    ntass    of  matter,  eurluHing   a 
nucleus,  was  all   that  was  necessarj*  to  constitute  a   crll. 
Max  Schultze   estftbli>hed   the   identity  of  the   cell-sub- 
stance   with    animal    sarccKlc— a    contnictile    8ul>staiice 
Fio.  i.—Celit  existing  in   the   lower  animals — and  showed  tliat   it  also 
frwi  a  Can€fT.  ^^^  capable  of  spontaneous  movement     He  called  this 

Sbowmi:    cell-        ,  /*      i  .   t        n         ti  «      i.  .1  .  ■ 

wall    e<n-con.  ^""Stance,  of  which  all  rcIl-lN>dics,  anmial  or  vegetable, 

lenri,  nuclei,  arc,  at  one    peri«Hl    of   their  existence,  <Mmi|w>scd,  pTO* 

and  nucleoli,  toplatm ;  and   p«»iMtcd  out   that  a  distinct  cell-w«II  re- 

die  nuclei  djvid-       .'^    ,   ^  .  ,  -        -      ., 

In.^  bultca  xrom  a  retrograde  process  occurring  m  its  outer 

layers. 

The  definition  oi  a  cell  has  been  still  further  modified  by  the  diiv- 
ooverj'  that  a  nucleus  is  not  essential ;  for  none  exists  in  the  crjpto- 
ganiia  and  in  iwnne  of  the  lowest  animal  forms.  In  these  exceptiorud 
caacs  the  cell  consists  of  a  simple  mass  of  protoplasm ;  but  in  the 
higher  nnimals  the  nucleus  is  an  almost  invariable  constituent.  The 
cell-wall  is  much  less  constant,  and  must  Ik*  regarded,  in  point  of 
vitality.  «s  inferior  to  the  rest  of  the  cell. 

Protoplasm  is  a  complex  living  body  :  of  it6  molecular  con.stitiition 
we  are  still  ignorant.  It  contains  a  large  (jiiantity  of  water,  and  it« 
solid  residue  is  largely  made  up  of  protcid  material ;  hut  with  thift 
there  are  always  associated,  apparently  in  an  amalgam-like  way^  some 
carbohydrate,  fat,  and  inorganic  salts— for  these  are  invisible,  and  yel 
not  in  true  cfuubination.  Some  authorities  regard  the  proteid  element 
as  alone  essential  to  tiie  nuuiifestation  of  life.  Protoplasm,  as  seei]  in 
the  boilics  of  living  cells,  is  generally  structureless,  soft  and  viscid,  bnt 
varjing  much  in  fluidity.     Granules  arc  frequently  present  in  it,  often 
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in  one  jwirt  and  uoi  in  Hnollier,  and  tliese  are  believet!  to  differ 
chemically  from  true  protoplasm.  Small  cavities^  full  of  fluid,  loiikitii^ 
like  clear  spaces,  are  often  seen  ;  <»ne   lar^e  one  mnj*  owupy  a   con- 

:lend>Ie  p<irtion  of  the  cell,  (ir  many  smaller  ones  may  be  distribiited 

n>ugh  it.  These  cavities  are  crtljed  imno/fx.  Tliey  may  appear,  dis- 
appear, or  change  their  position. 

In  highly  specialised  cells,  pmtoplasm  has  acquired  a  distinct 
structure-  f.g.,  the  fibrillntion  of  muscle  and  nen'e-cclls  and  the 
Ktriation  of  many  ciliated  cells  and  gland-cells.  In  the  simpler  cells, 
after  hanlenin^  in  chromic  acid,  a  fine  netM'ork  of  fibres  is  seen  in  the 
crll-sutjstance.  a  fact  wliii'li  has  led  to  the  belief  that  the  pnitoplasm 
of  all  cell-lxKlies  is  really  arrnnKc<l  like  a  sjwnge ;  the  interstices  Ixnnf^ 
occupied  by  fluid  containinpr  granules  which  are  moved  a1>out  by  con- 
tractions of  the  protoplasm.     This  view  explains  many  phenomena  of 

ll-lifp :   but,  up   to  the  present  time,  these  ajjpearances   have   n(>t 
1  observed  in  living  cells. 

Schafer  has  recently  shown  that  protoplasm  is  coni|M>scd  aC  twa 
substances:  (1)  sfxmgiophxtUj  which  furins  a  reticular  framework,  and 
(*2)  fiifafophsin,  which  is  structureless,  semifluid,  and  nut  neces- 
ly  confined  within  the  linnts  of  the  reticular  framew(»rk.  T'he  n»ovc- 
nts  of  the  cell  depend  U|x>n  thosr  of  the  hyaloplasm.  Itutschli 
oonsiderN  the  structure  of  j)r<»toplasiM  is  analogous  to  that  of  foam — 
•*  minute  droplets  of  a  waterj'  liquid  take  the  place  of  nir  in  the 
bubbles  of  foam."  He  agrees  with  Schater  in  cfmsidering  it  reticular, 
but  differs  in  his  interjiretation  of  what  he  sees,  as  well  as  in  his 
observations  on  the  arrangement  aiui  disposition  of  the  framework 
itself.  He  thinks  he  can  trace  a  reticular  structure  in  the  "  processes," 
and  that  it  fades  gradually,  in  theui  us  elsewhere,  into  the  more  litpiid 
elrracnt.  Schiifer  thinks  the  limit  is  sharply  defijied,  and  that  the 
purudopodia  are  homogeneous. 

Under  certain  circumstances  protoplasm  undergoes  metainorphtises 
into  various  other  substances — r.g.,  mucin,  globulin,  keratin,  j>ei>sin 
and  other  ferments,  glycogen,  colloid  matter  ami  fat.  These  may 
form  hwge  j)ortions  of  the  biKlies  of  cells.  When  glycogen  and 
61  ariEKC  from  a  proteid,  a  nitrogenous  molecule  must  also  be 
formed. 

ThU  pmtopla.*nn  is  the  efi.senlial  constituent  of  the  body  of  every 
orJl.  fn  comparison  with  the  nucleus  the  Ixnly  varies  much  in  size, 
bdlll^  sometimes  large  and  sometimes  quite  insignificant. 

Tbe  CcU-wall,  when  present,  is  of  nmch  firmer  consistence  than  the 
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rest  of  the  iKxIy,  and  seems  to  be  due  to  iwnie  mctAiiioqihusU  of  Um 
(iriito|)Iiisin  of  the  latter. 

I'hr  nucleus  is  more  cunxtant  titan  the  btxly,  both  In  ftize  and  form. 
It  it  usually   spherical   or    oval,  but    may    be   quite   rcMl-shajHid  :   it    is 
generally  placed   near  the   centre  of  the  ecll,  and  may  be  single  «r, 
multiple.     It  resists  destructive  rcA^ents  more  strongly  thau  doefl  thi 
body,  and  in  disease  often  remains  after  this  has  been  destroyed  ;  it 
stained  more  deeply  by  carmine  and   lo^iood.      Its  presence   may 
eoncealed  by  fat,  pi^ient,  or  other  substances  in  tlie  eell-lMMlj-. 
nnrleus  of  epidermic  scales  may  fiimlly  be  converted  into  keratin  aod^ 
divip|>ear. 

The  nucleus,  which  was  fnnnerly  rejfnrded  as  a  spherical  ve*iclr, 
b  mnded  by  a  definite  membrane  which  sejmrated  lite  nuclear  tluid 
from  the  cell-substance^  is  now  known  to  possess  with  jjreat  constancy 
the  foIKtwing  nmeh  more  intricate  structure: — (1)  A  me!nl»r?inr 
boundiuj;  it  externally;  ('2)  a  network  of  Hbrcs,  prol>ably  conlrartde. 
and  certainly  capable  of  jyrcal  changes  in  closeness  and  general  form  ; 
(:<)  <me  or  more  nucleoli,  said  by  some  to  be  only  nodal  poiiits  in  tlfcc 
network  ;  (i)  n  clear,  mure  or  less  fluid.  sul>stance  which  Hlls  the 
niembnme  tuid  lies  in  the  meshes  of  the  network.  The  more  solid 
(Kirtioiu —membriine,  network,  and  nucleoli  ~  are  spoken  of  as  ehronw 
pla^m  or  nucleoplasm  ;  the  less  solid,  as  nuclear  matrix.  The  remark- 
jd>le  changes  which  occur  in  nuclei  previous  to  the  divUion  of  cells  irill 
Ik*  descrilK-d  subsequently  (p.  1  I). 


PHYSIOLOGY  OF  CEI.Ij8.  In  onler  to  fonn  an  adequate 
conception  of  the  changes  which  m'cur  in  disease,  it  is  esetcntiAl  to 
rememl)er  the  normal  functions  of  rells  and  the  cimditions  under  which 
they  are  discliarged. 

A  unicellular  organism,  like  the  amu'lM,  tjikes  in  food,  |crowf, 
excretes,  rrpn>duces  its  like,  and  |>erfonn»»  certain  functitms,  nf  ul  ■  l 
motion  is  the  most  obvious.  The  whole  t>f  lliis  may  be  reganb  c  . 
work  done,  imd  impliej»  the  ex|>eiiditure  of  force  :  and  Me  may*  be 
quite  sun',  altliough  we  know  nothing  of  the  chemical  pnxx'Ases 
going  on  in  an  amo-ba,  that  its  excreta  are  simpler  com])ounds  tlmn  its 
ingesta-  the  difl'rrencc  in  hent-value  between  these  two  sets  of  c-um- 
pounds  representing  the  force  which  is  iivailnhle  lo  the  organism.  'Hie 
ability  to  rffcct  thefcc  chemical  and  physical  processes,  in  whicli  tJie 
*'  life  "   of  the  atdmal — as  recognisiible  by    us— i'onsist'-,  rit<-<l, 

and  is  spoken  of  as  "  viiai  acinni^f"  or "  rit/ii  rnefgu/'     Th<    :  mn  of 
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this  is  naturally  the  first  esseatinl  to  living.  The  other  requirement** 
of  the  cell  lire  a  jiujftcirn/  xtipphf  ttf  suttahie  food  and  an  appropnulc 
physical  mirironmttU — such  as  a  normal  temperature,  and  suilnhle 
dennity  t»f  the  surrounding  fluid.  To  these  must  be  added — in  the 
cwKf  nt  least,  of  nerves,  muscle,  and  certain  gland-cells  in  man- 
cunHcffuin  iiiih  a  hcalthif  mnuux  rvnttr. 

In  uuui,  a  nmlUcelltdar  being,  the  cells  vary  much  in  t'onn  and  in 
the  reMilta  of  the  chemical  actions  which  they  effect.  Although 
retaining  more  or  less  independence,  varj-ing  with  the  kind  of  cell, 
tbejr  are  1x>und  together  for  the  oMimion  g<Hxl,  and  each  has  some 
!cial  function  to  perform.  Thus  there  are  muscle-cells  to  produce 
>tion,  gland-cells  to  secrete  and  excrete,  and  ner\'e-cells  to  control 
the  working  of  umscle.  glands,  and  perhaps  other  tissues ;  certain  cells 
set  ajMrt  tor  reppKluelion  ;  and,  HimUy,  there  arc  the  connective- 
sues  to  unite  and  support  the  other  structures,  and  epithelium 
protect  the  surfaces.  Thus  each  kind  of  work  done  by  the  one 
II  of  the  amoeba  is  in  man  perfonnod  by  a  group  of  cells  specialised 
n  the  purpose.  If  then  we  recognise  the  inter-dependencies  of  the 
lU  iu  the  human  organism  ujkhi  each  other,  and  the  difTerenees  in 
structure  and  purpose  in  tile  eciniomy,  all  that  has  been  saiid  of 
loeba  will  apply  to  each  cell  of  the  body — all  the  functions  of  the 
irrlm  arc  pn^lwdjly  present  in  each  cell,  but  one — e.g.,  contractility 
a  niusde-cell,  is  otlen  so  highly  developed  as  to  be  called  the 
iction  of  the  cell. 

Vital  Activities. ^The  tiiaf  f/tcrgt/  of  each  cell  maiufests  itself  in 
ch/uinels  ;  licncc  \'irchow  speaks  of  the  Xuiritive,  Futtdioual,  and 
tnxltictivf  Activities.      Between   the  two  fonner  there  is  no  line — -the 
kteuce  of  one  implies  that  of  the  other ;  both  are  chemical,  and  may 
ci^iisidered   together.      Food  is  taken   into  the  body,  digested,  and 
orbed  by  lacteaU  an<i  blf»od-vesst*ls  from  the  intestines;  the  varioiin 
try  organs  give  otf  urea  and,  in  small  quantity,  other  nitrogenous 
carboa  dioxide,  and  water.      Supposing   the   body  to  be   in 
irHive  ctfoiUbrium — neither  gaining  nor  losing  weight—  the  amounts 
ted  will  accomit   for  the  nitrogen,   carbon,   and    hydrogen   taken 
IX  food.     Putting  aside  water,  certain  salines,  and  oxygen,  which 
eMciitial  to   life,    the   fooil-stuffs  are   proteids,  carljohydrates,   and 
-tJie  inateriaU  of  which  the  Ixidy  consists.     It  is  evident  that  a 
ximiunt  of  heat  must  Ik*  set   free   in  the  breaking-down  ol   these 
lie*   into   the   simpler   substances   alu^ve   mentioned.     This   is  the 
of  the  force   by  which   everj-  act   is   |>eribrmed.     The   bh*od 
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rarrie^  the  preputrd  food-«tufls  to  the  captOarieSy  Thence  they  pass  oat 
«'ith  the  Uinph  tu  come  into  actual  cootact  with  the  cells — some  in 
Mfluti#fn,  others  only  in  su^-pension.  Certain,  or  all,  of  these  bodies  are 
now  taken  up  'apparently  actively,  for  albumen  will  not  diffuse  fitND  ft 
waten*  Auid^.  and  become  pari  of  the  tmbatamcr  of  a  cell,  replacing  some 
oldf-r  material  which  has  been  broken  down  to  supply  force  for 
assimilation  and  all  other  actions  of  the  celL  This  breaking-dom  of 
cell-«ul>stance  eonMst>  in  the  union  nf  it  with  oxygen  obtained  from 
the  bl'iod,  and  stored  bv  the  tissues  in  some  unknown  wav.  All  such 
oxidation  pnieesse**  are  believcti  to  take  place  im  the  cells,  mot  m  the 
hhnfd  :  and  this  ahmM  necessitates  that  all  food  shall  become  part  of  a 
cell  before  it  \^  oxidised;  it  is  not  oxidised  directly.  Although  the 
tissues  of  the  UkIv  and  the  food-^tiiff>  have  almost  the  same  chemical 
(i7in|MPsitiiin,  waste  tissue  is  not  re|»ired  by  a  process  of  simple  replace^ 
nifut  fn>ni  the  f^xnl,  if  we  except  fat :  when  a  fat  of  the  same  com- 
IMrsition  as  human  fat  is  contained  in  the  food,  it  may  be  stored  in  the 
<'flls  without  unilergoing  previous  change,  but  usually  some  slight 
addition  nr  subtmction  of  hydrogen  is  necessary.  It  is  probable  that 
iiiany  changes,  Ixith  analytical  and  synthetical,  occur  in  the  arrangement 
<»f  the  elements  of  fiKxl-stufTs  iMrfore  they  form  protoplasm,  the  real 
hr'in^  tissue,  and  force  is  thus  alternately  liberated  and  rendered 
ixrtentijil ;  but  this  does  not  affect  the  main  fact  that  the  body  is 
ultimately  enabled  to  utilise  the  force  equivalent  to  the  difference  in 
hcat-vahie  In-tween  the  ingesta  and  excreta. 

We  have  enumerated  the  i-omiwuiids  presented  to  cells  in  lymph, 
and  also  th<»se  which  leave  the  Ixxly  as  the  ultimate  products  of  cell- 
artion  :  but  in  iifi  instance  do  we  know  the  connecting  links  between 
the  end-prvHhictK.  Whilst  the  ingesta  of  cells  must  be  tolerably 
uriifonn  in  rharaoter,  their  excreta  are  probid>ly  as  various  as  are  the 
uses  of  the  eells  in  the  IkmIv  -  witness  the  different  com|K>sitions  of  the 
many  se<Tetic»ns,  and  the  unequal  distribution  of  the  extractives,  such 
as  kreatin  and  xanthin.  On  the  one  hand,  the  breaking-down  of  tissue, 
or  tnkKU\  whi<*h  is  going  on  constantly,  and  <m  the  other,  tlie  building- 
up,  iir  n'pfiir,  whi<'h  in  health  kee|>s  jmce  with  it,  constitute  the  niitriiivt 
fst'hanfit'  of  th<r  <'ell  or  of  the  whole  ImhU'.  This  process  is  constantly 
iM-ing  distiirlM'd  fn>m  jvithological  causes ;  and,  physiologically,  forma- 
tifin  ex<'eeds  waste  during  the  |)eri<Nl  of  growth,  but  the  opposite 
olttains  in  old  age,  when  the  vital  energy  of  all  cells  is  failing,  and  their 
f  lUK'tions  are  ini}>erfectly  discharged. 

The  excreta  )hiks  in  two  directions :  into  lymph  and  back  into  the 
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or  out  to  A  mucous  or  otitauieous  surface,  whence  part  may  be 
-abs<.»rlx'tl,  r.g.,  ssiliva,  (fiistrio  juict;,  ;iik1  jMtrt  of  the  bile. 
Influence   of  the   Nervous    System  on    Nutrition. — Experi- 
it^iitftl  |ihysiolo>^  teucliL-s  us  tlint  the  nervuns  system  has  an  importiuit 
ifluence  over  the  nutrition  niul  function  of  nerves,  muscle,  ant]  such 
lands  rt-s  act  nnnn»lly  only  in   response   to   the  stimulation  of  spocia.1 
■rves.     Thu>  when  motor  nervc-tibres  are  cut  off  fr(»m  the  gJingUou- 
IL««  of  the  corresponding  anterior  comu,  Uiey  rapidly  degenerate  and 
their  power  of  tmnsmitlin^  electricid  as  well  as  vohmtar}'  impulses, 
muscles    they    supjjly    also    undergo   degenenitioii    (p,   5(>),    and 
low  changes  in   their  electrical   reactions.      In  the  same  way  section 
tJsc  chorda   tympani   is  followed   by  wasting   of  the   sub-maxillary 
rland. 
It    i*  at   present    uncertain   whether    tht^    nervous    system    has    any 
log«>UH  influence  over  other  tissues,  such  as  connective-tissues  and 
ddcnnis,  for  while  lesions  of  these  structures  are  frequently  found 
tted  with  disease  of  the  nervi>us  system,  it  is  in  all  castrs  ditticult 
•hide  other  jmssible  causes.      Thus  these  lesions  are  acconi^wuiied 
more  or  less  .mH-sthesirt,  disturlvmce  of  the  circulation,  and  fall  in 
;rD]>eniture;  all  of  which  nmy  be  actively  coneemecl  in  the  causation 
the   subsequent  changes.      For  example,   in  inflannnation  of  the 
iisltend  nerves,  >uch  as  occurs  in  chrxtnie  alcoholism,  not  only  di>  the 
re«  and  muscles  undergo  the  changes  just  mentioned,  but  the  skin 
supplied  by  the  affected  nerves  frequently  becomes  thin  and  shiny ; 
ircovcr,  buUie  not  infrequently  appear. 

Occasionally  in  cases  of  hemiplegia,  and  of  sabre-wounds  of  the  brain, 

itrenielv  acute  bedsores  form  on  the  buttock  op]x>sitc  the  lesion  ;  and 

ilar  legions  may  appear  over  the  sacrum  in  (vtraplegia  from  sudden 

id  extensive  lesions  of  tJie  cord.    They  are  distinguished  from  ordinary 

:s  by  the  earliness  (second  or  liiini  day)  and  aculene.ss  of  their 

and  by  the  uselessness  4if  precautionary  measures.     It  may  be 

lied :  that  Uiese  are  but  differences  of  degree  ;  that  the  bedsores 

mr  in  the  usual  |M>sitions  :  and  that  np|wirently  similar  lesions  show,  in 

i&  rtr^iiect,  no  prt-fjx^rt innate  constnncy  in  their  results.      In   tliis  class 

,  too,  cystitis  and  pyelitis   may  apjicar  at  about  the  same 

the   bedsores,  ajul   I'harcut   thougltt  that   these   inHammatious 

:vc  doc  to  irritation  of  trophic  nenes  ;  but  as  exceedingly  foul  urine, 

nijsms  is  noted  before,  or  with,  the  onset  of  the  cystitis, 

that  these  chmiges  are  due  to   the  organisms — either 

luecd  from  without  by  a  septic  catheter;  or  from  within,  through 
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the  kidiicyei.  The  urine  is  thus  rendered  extremely  irritiuit  hy  pulrt*- 
tactidn.  Similar  results  (>ccasiiiiinlly  foUuw  the  passage  of  h  rHthctrr 
in  cjisfs  t»f  eiilarjfed  prt>state. 

Trigeminal  Keratitis. — -Intra-cranial  sertion  of  the  fifUi  nrrvr 
CHUses  <'loudin«'vs  of  the  coniort  in  twciitv-fcHjr  hours,  and  often 
destructive  (mnophthalmitis ;  at  the  sume  tiuie  ulcers  up|>car  on 
iH#e»jri/ftr  parts  of  the  mucous  UK-iubranes  of  both  nioutli  and  now. 
The  kemtitift  can  be  prevented  by  carefully  cleansing  and  accunitcly 
closing  tlie  eyelids,  thus  protecting  the  parts  from  organisms  and 
injuries.  The  ulcers  in  the  mouth  are  prolwibly  due  to  damage  inilicted 
by  the  teeth,  and  the  ulcers  in  the  ni»sc  to  the  Jiction  of  particles  of 
duRt  and  orgHnisms  on  the  dried  mucous  membrane.  In  both  caacs 
the  fiiilure  of  the  insensitive  mucous  membrane  to  initiate  any  of 
the  va-so-mtftor  and  other  protective  reHex  mechanisms  renders  the 
jwirt-s  u  suitable  culture  ground  for  passing  organisms  which  are  thtt* 
enabled  to  thrive  on  the  insensitive  snrfjices.  Ulcen  on  the  foot^ 
often  pn»gressive,  after  section  of  the  sciatic  are  similarlv  aceountetl 
for. 

Acute  fatty  degeneration  of  the  heart  may  follou  section  of 
the  vagi :  the  tmMiuK  oftrramli  is  uiiknouu. 

Erythema,  Urticaria,  Pemphigus,  and  esj»ecially  Herpes,  uuu 
up[R*ar  in  the  distribution  of  nerves,  which  are  the  seats  of  sonic 
irritant  lesion.  These  changes  have  been  observed  after  Cruetured 
hpine,  in  Uieoniotor  ataxy,  in  syringomyelia,  in  compression  of  tiie 
cord  by  an  aneurysm  or  tumour,  and  in  inflammation  of  the  Ga^crian 
or  some  {Mistcrior  spinal  ganglion.  The  nerves  supplying  the  area  of 
the  rash  have  Im-cu  fomul  in  a  state  of  neuritis. 

Glossy  Skin  (Paget). — In  some  eases  of  irritative  lc«)ion  of  the* 
scnwiry  nerves  of  limits  (e.g.,  from  gun-shot),  the  skin  becomes  smooth. 
shiny,  hairless,  sometimes  hyix'nrmie,  sometimes  a'dematuus,  and  otten 
superficially  inriamed  or  the  seat  of  sores  like  chilblains  ;  at  tlie  same 
tiroe  the  |>art  is  often  the  seat  of  intense  neuralgia.  AU  these  ehauge* 
in  the  nutrition  u(  the  skin  are  probably  due  to  vaso-motor  changes 
acting  in  conjunction  with  external  influences  such  as  have  been 
mentioned  alxjve. 

Pigmentation.  —  More  or  less  symmetricBl  |mtches  of  Icueuderma 
and  melnnoilrrma  may  Ix*  distributed  over  the  liody,  with  more  or  leK» 
ana-^thrsiit       Pallor   with    antesthesia  and    lcicrtlise<l    greyness    of   Imlr 
may  <K'cur  in  neundgm  of  branches   of  the  tit^h   nerve.     The  colour  of ' 
the  hair  mav  tu  Mime  extent  return  between  the  attacks.     Casici   ha«'r 
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irded  in  wliicl)  t)ie  Imi'r  Ims,  within  a  sliort  time  of  a  fright, 
birconii'  grey. 

Serous  SynoTitiS|  lutd  Arthritis  witli  rupid,  painless,  and 
extensive  emsion  i»t'  the  articular  ends  of  the  bones,  may  occur  in  ceases 
of  hemiplegia  and  locomotor  ataxy.  TIichc  are  supposed  to  be  due  to 
involvement  of  the  cells  of  the  corre8|x>nding anterior  eonui  by  profp^s- 
sive  Hlrt>phy.  The  L-ausal  relationship  between  the  ner\ous  disea-te  and 
the  peripheral  lesion  cannot  yet  be  said  to  be  proven. 

Atrophy  of  jwrts  cut  off  from  the  nen'ous  system. — Nf  usele  and 
certain  glands  have  already  been  referred  to  (p.  7).  In  the  case  of 
muscle,  it  Is  to  be  noted  that  if  it  is  regularly  exerci.sfd  by  the  galvanic 
current,  atrt»phy  may  be  postponed.  In  a  paralysed  limb  all  tissues 
ultimAtely  waste  ;  so,  also,  do  those  of  the  face  when  the  facial  nerve 
remains  paralysed.  This  is  due  to  impjiired  blood-supply,  for  it  occurs 
in  Umb^  which  are  simply  kept  at  rest.  Atrophy  of  the  cock's  comb 
and  the  turkey's  wattles  results  from  section  of  their  nerves,  and  is 
|>erhaps  to  l>e  similarly  explained.  In  cases  of  progressive  atrophy  of 
lutlf  the  face  there  may  be  nothing  to  guide  one  to  the  nervous 
ftysteui  as  Uic  cause :  there  may  be  no  subjective  symptoms,  and 
ftcuauition  and  motion  may  renuun  itonnal.  If  due  to  nervous 
inHucnee,  this  atrophy  wotdd  seeuj  to  favour  the  existence  <if 
trophic  nt'rvt"^. 

Hypertrophy  of  bone  may  follow  section  of  tlie  sciatic  in  young 
animalA,  and  is  tiiHanunatory ;  for  it  never  occurs  unless  large  ulcers, 
form,  extending  to  the  bone,  and  even  causing  necrosis.  Hypertrophy 
of  the  rabbit's,  e^r  after  section  of  its  nerves  has  been  said  to  occur; 
btjt  many  observers  have  failed  to  produce  the  hypertrophy,  or  have,  at 
mo*it,  seen  home  thickening  of  epidennis  and  hair  u|>on  the  surface  of 
the  csar. 

Pathology,    then,    affor<ls    /to    rt'liablf    rvidrncc   of  the    existence    of 

rcial  trophic  nerves,  and  no  convincing  proof  of  the  ijiterference  of 
Dervous  system  in  the  cheniical  processes  of  cells  which  perform 

special  function.  That  these  processes  may  go  on  inulisturbed  in 
absence  of  nervous  influence  is  shown   by  the  perfect  <levelopment 

other  parts  which  is  found  in  aneneephalous  and  aniyelous  embryos ; 
the  growth  of  transplanted  epithelium  and  connective-tissues,  imd 
by  t)M5  union  of  <-ompletely  severed  jiarts.  At  the  same  time,  as  we 
cannot  olTcr  a  perfei-t  explanaticm  of  many  of  the  alwvc-mentioned 
we  catuiut  say  that  the   nervous  system   has  no  direct  influence 

in  coniicctive-tissues  and  epidennic  tells — it  seems  most  prolwible 
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thut  it  has.  It  N  iniportHnt  that  the  facts  should  be  reinrmbervtL 
The  explnuation  of  some  of  them  is  at  present  uncertain. 

The  lifjirwiitdut  ActivHif  reniaiiis  for  our  fonsiflemlion.  Iti  ruriy 
life,  At  le&stf  all  cells  possess  the  power  of  repnKlueinf^  their  like, 
and  in  the  majority  this  power  is  retained,  althouf^h  it  may  not  be 
exercised  physiolopcally,  up  to  advanced  a^e.  t'essalion  of  |pi>wth 
doeh  m>t  imply  absence  of  ability  to  ^ffow,  for  gn>wth  sometimes  seems 
to  cease  when  the  supply  of  nutritive  material  to  a  jMirt  it  only  juitt 
sufficient  to  maintain  its  sfatwc  tfMo.  This  is  seen  in  a  hairi  whieh  will 
not  frrovt-  l>eyond  a  certain  length — cut  it  short  and  ^frowth  at  once 
bep'ns  a^in.  the  su]>ply  of  food  iHfinjur  greater  than  the  now  shortened 
hair  recpiires  for  simple  nutrition.  To  cause  eelU,  which  arc  capable 
of  multiplying,  to  do  so,  the  supply  of  fo«Kl  must  Ik'  increased.  Thus 
exercise  of  a  muscle  causes  increased  bl(M>d-supply  and  ctmsequmt 
growth  ;  but  increased  blo<K)-supply  to  a  working  tissue,  without 
exercise,  will  not  have  this  effect.  It  i?*  diflen*nt  with  non-working 
tissues.  The  hypeneniia  round  an  ulcer  of  the  skin  causes  tliiekening 
«»f  the  epidermis  and  conueelive-tissues,  and  nothing  is  commoner 
than  new  furmntion  of  Ixme  nmnd  a  carious  ftH'us.  To  produce  Uiis 
effect  the  increased  supply  must  be  very  fretpient  or  long-continued 
(see  "Ostitis"). 

A  non-working  tissue  apparently  tends  to  grow  also  M'hen  the 
resistjmce  offered  to  its  growth  by  neighlxtiiring  tissues  is  diminisheil : 
of  this  we  -vttall  find  many  examples  in  cirrhotic  processes  and  i»  ^hr> 
irtiologj'  of  malignancy  (Cohnheim). 

Tlie  cells  of  the  Ualy  inherit  verj'  difTei-cnl  amounts  of  vitd  energy. 
The  celK  of  the  thymus  arc  so«>n  exhausted,  tlnjse  of  the  cpiphyMral 
cartilages  later,  and  of  the  generative  organs  later  still.  Powers  of 
maintenance,  growth,  and  repnKluction  are  by  no  means  pro|>ortJonJLte. 
Tlie  power  of  reprodu<'tion  }H>ssessc<l  by  cells  often  seems  inversely 
proportionate  tn  the  >^jiecialisation  i»f  their  function  (p.  10]).  In 
nil  cases,  probably,  the  repnuluctive  activity  is  the  first  of  the  vital 
nrnnifestations  to  nufTer ;  then  the  functional  and  nutritive.  InabQity 
to  perfonn  nuch  clK'mieal  changes  as  are  necessarj*  to  remove  effete 
material  and  to  re|>air  wjiste  is  normal  in  old  age  :  death,  which  may 
be  termed  natural,  then  results  from  "senile  decfty." 


< 


GCI>fBSIS    OF    CELLS.  —  Virchow's  dictum  — Omaw  ctlh 
vrilttfa — is  now  admitted  by  all   but  a  few.      Prolwbly  every  nueletu* 
uImi,  is  drrivfd  rnnn  a  pre-existing  nucleus. 
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Multiplication  of  cells  takes  p1a(*e  by  simple  division.  The  cell 
divides  jferienilly  iiitn  two  ;  nnd  the  chanjije  is  preceded  by  remarkable 
ap|R*Hnuices  in  the  nucleus.  Aoconlijig  to  Klemming  the  process  of 
"  kAryokinesis "  may  be  very  briefly  described  as  follows  (Fig.  2): — 
Kirht,  the  nuvtear  membrane  disj»p|iears ;  then  the  rexftng  nuclear  net- 
work (a)  becomes  much  finer  and  closer,  like  a  ravelled  ikein  ;  then  again 
UKire  ojK-n,  and,  it*  not  already  so,  tlie  cell  becomes  round  (Jt).  There 
srenis  to  be  now  only  one  long  fibre  forming  the    nuclear   network, 


i 


^ 


KiC  3. — Forms  anumtd  fiy  ,i  \uclcu3  in  dividing — a,  resting  nucleus; 
b^  skciD-form,  open  stage;  r,  wreath-forra ;  d,  aster,  or  star-fonn ;  r, 
trquatorial  stage  of  division  ;  /*,  s^iratiun  more  advanced ;  ^<'  and  h,  star 
and  wTcsith  fomis  of  daughter  nuckl,  <  Reduced  from  Flemming's 
dnkwiogs  in  the  "  .\rch.  f.  Mik.  Anat."). 


Htuch  next  assumes  the  lorni  of  a  rtmvtte  or  n*reath  (c),  njuiid  a  clear 
i'entiul  !>[«iee,  whilst  a  elear  zone  intervenes  externally  between  the 
network  and  the  cell-substance  proj>er.  By  division  of  the  external 
l*ends  of  the  fibre,  and  ap|)roxiination  of  the  apices  of  the  V's  ^<>  as  to 
<»blitrmte  the  central  space,  a  star-fonn — asttr  (</),  is  produced.  The 
fibres  nt  this  stage  often  become  finer  anil  more  numerous  by  longi- 
tiidituil  division  from  their  free  ends  towards  the  centre.  Instead  of 
radiating  fnim  the  centre  they  now  become  first  parallel,  and  then 
•tmvergcnt  towards  two  opposite  ])oints — the  poles — c»f  the  original 
nucleus  so  that  the  fibres  now  form  two  sets  of  V's  with  their  angles 
away  from  the  ctpiator — eqtwtorial  Sta^^e  (<•).  A  clear  equatorial 
line   Mp|K*Mrs,  and  uidcus  (f'j,  :is  one   set  of  V'-fibres  retreats  Irom  the 
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oUier.  Frtmi  each  ^ruup  the  nucleus  of  a  daughter*<:i^U  is  fonncd  bjr 
piiswin^  thrt>uj;h — in  reverse  onlcr— all  the  stages  ab*)ve-mcntio«cd 
(g  and  /f),  until  the  resting  stage  is  reaehed.  Meanwhile,  the  prvlo- 
plasm  of  the  cell-body  collects  round  each  nucleus,  niul  hy  the  tlnir 
these  have  assumed  the  wreath-form  its  diWsion  is  cumpletc.  TW 
daughter-cells,  al  *ii>t  small,  grow,  and  may  themselves  «x>n  divide ; 
thus  multiplieution  may  be  very  rapid. 

The  nucleus  may  divide  several  times  witJiout  any  division  of 
cell-body   f»ceurring ;    l»ut   the    latter  increases   continuously    in 

This  is  said  to  be  one  way  in 
"giant"  or  "  myeloid  "  cells- Ufur, 
irreguljir,  nmltiimcteated  nmsAcs  of 
pnitoplasni,  found  in  the  marrow  of 
growing  bone,  in  chronic  inflaninia- 
tions.  iind  in  some  new  growths — 
may  be  produced  (Fig.  ^). 

Finally,  it  remains  to  be  pulnlrd 
outj  that  cells  originating  from  otic 
embryonic  layer   never  give   rise  to 
cells  of  a  kind  fonned  normally  tt^ini 
another  layer.     Epiblast  forms  ner- 
vous tissue,   and   the    t-))ithelium    of 
KiG.  3.-,^  MuilinufUaud  Cttl     From  i»ense-organs.  of  the  ventriiles  of  the 
the  lung  in  a  otkc  of  Chronic  Phthisis,   bniiii  and  central   canal  of  the  conl» 
Sho«mg  thr  largi-  numi*r  of  Duclet  pf  ^^^  ^kin,  mouth,  and  lower  end 
wlUi  bright  nuclcDli.      x  joo.  ^         ».  «*  t_*      *.    ^  *.». 

ot  reetuiti.  Hypoblast  fonns  the 
epitlieliuni  of  the  urinary  bladder,  respiratory  tr.Hit.  imtl  alimentary 
canal  ntid  of  all  glniids  cotinected  with  it.  The  MesoblftBt  fnnns  the 
epithelium  of  the  kidney,  testicle,  and  ovary  ;  the  epithelium  of  ves^» 
And  serous  membranes;  all  the  connective-tissues;  blood;  and  uiuh^ 
cular  tisHur, 


DISEASC. — 11ie  functions  of  nn  organ  are  really  tlie  functional  nf 
the  cells  !)('  which  it  consists  ;  if  all  these  act  nonnally  wc  say  that  the 
organ  is  MMind  ;  jokI  when  all  the  functions  of  every  organ  and  tivsue 
in  the  laaly  are  nonnally  perfonned,  we  describi*  the  individuid  as  1>eiiig 
in  perfect  health.  A  very  little  ex|>erienee  sliows  that  pliysiologiral 
functions  \ary  within  certain,  perlm]>s  rather  wide,  limits,  the  perfect 
wrll-Wiiig  ot*  thr  individual  being  maintained.  C-onncqurntly  our 
htandard   of    HoAlth  ih  no  rigid    one  ;    it«  maximum    and  ininiintim 
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vridely  5e|>arate<l.  nnii    the    latter    shucles   off*  im])erceptibly  into 
Disease 

Di»*t.'Hse   in«v    tl»eret«ire    be   ilcfiiicd  us   the   ahnormal  pvrjormttiice  of 

''w»k7#/w  f/if  one  or  more  orgttiix  vr  tUxttrx.     Tliis  applies  to  •*  c1i^c.a.se  "  as  a 

tf^ncTo]    term ;    but    when    we     speak    uf    an    tndivulual    disease,    as 

rheutiintisni  or  sj'philis,  tlie  eatijtc  of  such  disease  -  that  to  which  the 

•cnliar  disturlianres  of  function  or  structure,  which  distinjjiiish  the 

|JM*a?^  in  question  from  ntl  otliers,  are  due — is  (»ften  implied  in  the 

^wurd.     The  wnne,  or  indistingui^lia1>le,  disturbances  of  function  and 

itructure,  may  «onictime«  be  produced  by  several  causes:  it  is  the 

iKirr  or  less  constant  f^ruuping  or  sequence  of  symptoms  or  of  lesions 

Uich  in  such  cases  establishes  distinct  diseases. 

It  is  Worthy   of  note  also  that  the  vminletmme  of  tt   phifkioloo^cal 

mhum  or  minimum  must  be  regarded  as  ])atliolngical.      For  example, 

man  out  of  training  will  eliminate  much  more  urea  than  normal  on 

[the   firifcl  day  of  a  walking  tour,  but  the  average  daily  elimination  for 

ftlie  whole  tour  will  not  varj'  from  the  normal.     If,  however,  the  man 

rere  to  ^  on  excreting  the  maximum  quantity  of  the  first  day,  his 

ktAte  would  be  one  of  disease. 


VARIETIEIS  OP  DISEASE.— 'Hie  complete  healthy  life  of  a 
1^:11  cun*iAti  iu  the  jiertect  j>crforn^;uice  of  all  its  functions.  For  this, 
[three  things  arc  necessary: — 1st,  that  which  it  inherits — its  vital 
■nerpy — must  be  normal ;  2nd,  it  must  be  su|>plied  with  sufficient 
iiiitable  food ;  3rd,  its  surrounding  ])hysical  conditions  must  be  nor- 
Fsilure  in  any  one  of  these  will  lead  to  disease,  and  two  gn-at 
'Issses  of  disejised  conditions  are  at  once  evident — Inherited,  due 
►to  abnormality  «f  the  first ;  acquired,  due  to  abnonnality  of  the 
rcotul  and  third. 

Inherited  IHsease. — The  tendency  to  inherited  disease  either 
fxUtK  in  the  ovum  at  the  commencement  of  development,  or  is 
by  the  ovum  in  fertilisation :  tendencies  formed  later  than 
obviou'^ly  ai^uired.  As  in  nonnal  development  certain  organs 
mjuiifrst  their  inherited  tendencies  many  years  afler  birth — e.g.,  the 
drvrlopmcnt  of  the  female  generative  system  at  puberty  and  its 
atnif»by  at  the  menopause  ;  so  inherited  tendencies  to  dibease  may  not 
i4kiw  thcmwives  until  late  in  life,  as  is  the  case  in  cancer  of  the 
bcrast  or  uterus.  It  is  (losbible  that  in  many  cases  the  same  un- 
recfigni*ed  conditiorts  which  induced  in  a  |mrent  the  morbid  tendency 
handed  down,  continue  to  act  on  the  offspring,  until — with  or  without 
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some  obviiiiis  excitinp  cimse — the  disrasc  liminips  evident.  We 
caniutt  wiy  when  this  tentlenoy  to  disejise  l>ejfiiis  :  it  may  have  brrn 
slowly  gaining  strength  for  genemtions.  The  fii(*t  that  no  progcDitor 
had  the  dlM^nse  in  ({uestion^  if  he  or  she  h'ved  well  )>ftst  the  «gc  Hi 
which  such  discjiM*  usually  nuutit'ests  itself,  shows  simply  that  tlu* 
causes  had  not  acted  long  enough  or  with  sulHcicnt  energy  to  pnidurr 
it  It  is  ini|H)rtHnt  to  recognise  that  even  inherited  disease  han  U*i 
Atarting-|M)int  in  i-onditions  external  to  the  cells  of  the  l>ody. 

With  regartl  to  the  actual  mode  in  which  disease  is  ijdierited  — it  >» 
in  some  cases  probable  that  the  (M>isfm,  the  actual  cause  of  the  diNejnr, 
is  present  in  the  ovum  or  speniiatoKuon,  as  has  been  shown  to  be  the 
ciwe  in  the  silkworm  disease  (l^astenr).  But  how  dHense  and 
tendencies  to  tliseases  which  are  not  due  to  any  specific  imison  «rr 
handed  down,  we  know  no  more  than  we  do  how  it  is  that  childn'n 
inherit  the  fcatrires  of  their  jiareiits. 

Often,  no  actual  disease  is  inherited,  but  the  power  of  rc*»i»*tancc  of 
certain  tissues  itgainst  the  causes  of  cert^iin  diseases  (r-.g..  tubcn'le)  i» 
mure  or  less  impaired ;  or  the  tissues  degenerate  early^  esjK'ciallv  in 
the  fatty  or  calcareous  manner,  so  that  many  niendiers  of  a  family  niay 
die  at  alxMit  tlir  sjimc  age  from  fatty  heart  or  apoplexy. 

Acquired  Disease. — St^irting  with  an  organism  or  part  posse*^srd 
of  normal  vital  energy,  disease,  if  it  occur,  must  neecssjirily  be  the 
result  of  external  conditions;  the  supply  of  f<HKi  is  faulty  either  in 
quantity  <»r  quality,  or  the  physical  conditions  to  which  the  part  i»,  or 
has  Iwcn.  ex|K>sed  are  unsuibible.  It  is  difficult  to  sc|wirate  the  two. 
If  the  blo<KUsupply  to  a  |wirt  Ls  abnormal  in  (piantity.  the  tenqieraturc* 
of  the  |Mtrt  will  Ik*  changed;  if  a  portion  of  the  IxkIv  is  mechanically 
injured,  its  l>loiKl-supply  becomes  abnonnal ;  if  a  (loisiin  exeitcK  fever, 
the  cells  are  exjK»srd  to  a  higher  temj>erature  than  normal :  a  Wrr  «/«* 
ritiiMux  !*•  rstablislu'd.  Disease  may  l>e  acquired  even  during  intnc- 
uterine  litV     f.t:..  one  of  the  acute  sjK'cific  fevers,  or  syphilis. 

General  and  Local  I>i8ease.-  Any  change  in  external  conditional 
acting  n^Min  a  unicellular  org:inism  would  proliably  aA'ect  every  |idrticlc 
of  its  sultstance  and  modify  all  its  functions;  nil  its  diseases  would 
therefore  be  general  But  multiplication  of  cells  and  specialisation 
of  Unctions  ennble  abnormal  conditions  to  act  upon  certain  groups  of 
cells  and  to  disturb  their  functions  withiMit  atlV-cting — primarily,  at 
leaat^ — tlioM*  of  other  groups.  We  thus  get  local  disease  ;  and  the 
prat  nutjority  of  diseases  belong  to  this  class.  I'erha|>s,  indeed,  wr 
may  say  that  every  disease  is  prinmrily  localijted  in  a  tissue  or  organ — 
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the  blood  bcin;r  cuunted  as  of  the  connective-tissue  ty{>e  of  which  the 

nitrn-rlliilar  ^Mt>stJi!iOf  is  fluid. 

StmctnrBl,    Organic    and    Functional   Disease. — A    dUeaMr 

is  localised  in  an  organ  or  tissue  during  life,  by  its  s^^mptonifi  and 
b%'  %is  physical  si|;^i» ;  <iiu1  af^er  death,  the  hx^alixation  is  justified 
bj'  thf  discover^'  in  the  |»art  of  some  constant  structural  ehnnpe. 
This  i*  stroctnral  or  organic  disease.  Diseasen,  in  whicli  nu 
surh  dianjje  has  been  found,  or  is  believed  to  exist,  are  classed  as 
functional :  the  lielit- f  beinjr  that  in  them  tiic  iunctions  of  certain 
crlls  -art-  abiiomtally  |HTfoniied,  without  any  structural  change. 
Motieni  research  has  greatly  diminished  the  ninnber  of  functional 
disfasea ;  but  it  xs  almost  certain  that  a  very  large  number  of  the 
slighter  ailments  are  due  to  transient  errors  in  the  metabolism  of  the 
cells. 
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JETIOVOGY    OF    OISBASC  —  The    cHuses    of    disease    are 
divided  into  two  classes — Predisposing  .ind  Exciting. 

Prkoimpobino  Cm'ses. — Any  agency  which  tends  to  cause  departure 

ni    the   physiologicjd   conditi<»n  of  a   functitui,  must  be  regarded  as 

predisposing  to  disease — e.g.,  privation,  and  frequent  irritation.     Many 

such  Mgencics,  when  acting  more  strongly,  liecnme  excitants  of  disease 

— «.r,,  cause  a  tlejwrture  fnyonJ  the   physiological    linnt.      Thus  if  t4i 

nunnally  acting  ciliated  cells,  detached  from  the  body,  a  hot  in>n  be 

Approached,  the  tirst  eflect  will  be  to  increase  or  stimulate  tlie  move- 

n>ent  of  the  cilia  ;  but   if  the  iron  be  kept   near  them  long,  or  be 

brvHight  closer,  the  movement  becomes  slower  and  MMm  ceaM-s.      If  the 

ifuii  he  then  removed,  the  cilia  will  after  u  period  of  (juiescence  begin 

to  ¥r«>rk  again — at  first  one  here  and  there,  then  all — and  may  after  a 

recover   completely.      This  eX]>oriment    of   Lister's   illustrates  a 

•if  fuudamental  importance  in  pathfflogy — t/if  ittherrHt  ftuirer  of 

'■■'  recwer  ojhr  injun/.      It  shows  for  the  elements  what  every 

™ i  ■*  of  the  whole — namely,  that,  caierin  paribuji,  a  strong  man 

will  rcro^er  from  a  disease  which  would  be  fatal  to  a  weakly  one.     It 

-*juii,  too,  that  the  "life"  of  cells  resists  the  action  of  injurious 

._  '    icB ;  and  that  this  power  of  resistance  %'arics  both  in  the  case  nf 

differeat  lijututi — t.g,y  the  rabbit's  ear  resists  the  effects  of  auannia  much 

ger  than  a  knuckle  of  its  intestine — as  well  as  in  different  itidiv'tduals. 

us    It  is  a  common  observation  tliat  certain   |K'ople.  who  liave   not 

from   the  acute  specifics,  may  even   luirse  those  ill  of  these 

^   w  i»tw»iit  themselves  catching  them :  whilst  others   again   fall 
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victims  to  them,  though  not  speciaUy  cx|x>seil.  SucJi  p«iwcr  of 
resisting  certain  causes  f)f  disease  does  not  imply  ability  to  resist  otheii 
of  a  different  nature ;  nor  does  it  necessarily  go  with  nniscuUr  strength. 
It  varies  at  different  times  in  the  wime  individual. 

The  following  maj*  act  as  predi-«tposing  causes  : 

Ag^e. — Special  treatises  have  been  written  on  diseases  of  childhood 
and  on  discfises  of  old  age,  showing  that  there  are  ]>eculiarities  witli 
regard  to  disea.se  at  these  |>eriods  of  life.  The  s|H*rinl  liabilities  of 
childhiKKl  are  to  some  extent  explained  by  sup|K»Ning  timt  the  power 
of  resisting  injury,  which  all  cells  possess,  is  not  fully  develo|»ed  until 
adult  age ;  those  of  old  agCj  by  the  fact  that  the  vital  |Kiw«t«  are 
wearing  out,  and  degeneration  occurring. 

Sex. — The  organs  sjHreial  to  the  sexes  render  each  liable  to  special 
<liseases.  Women  are  the  special  victims  of  hysteria  and  chkiradaL 
We  cannot  explain  the  sp(*eial  liability  of  women  to  endemic  tmd  ex- 
ophthalmic goitre  and  t(i  niyxa-denia,  nor  their  comjiunitivr  immunity 
from  Atldison's  disease,  l<K'omotur  ataxy,  and  general  piinilysis. 

Heredity. — It  has  already  been  stated  that  feeble  vital  power, 
without  actual  disease,  may  be  the  heritage  of  the  body,  or  of  one  of 
its  parts.  It  may  further  be  noted  that,  like  physiological  juid  personal 
peculiarities,  disease,  e.g.,  gout,  sometimes  skips  one  or  more  genera- 
tions (atavixtn).  In  other  eases,  as  in  hemophilia  an<l  |»S(^udo-hjrpe]^ 
trophic  muscular  paralysis,  the  disease  ap|>e«rK  generally  in  the  nialek 
«mly  ;  although  the  females  may,  without  themselves  manifcstiug  il, 
transmit  it  to  their  offspring. 

The  diseases  which  most  obviously  •'  run  in  fajuilieb "  are 
functional  nen'ous  disorders,  such  as  hysteriA,  neumJgiA,  epilcpiyy 
insanity,  and  thes<»  are  more  or  less  interchangeable;  carc*inoiua, 
especially  of  the  breast  and  uterus  ;  some  simple  growths,  es|>eciaUjr 
if  nndtiple  (lu^'"^^^'  (»steomata,  papillomata) ;  gout  and  tulierculmr 
<lisease. 

Kxt  iTiNo  Cav»e«. — These  may  l>c  arranged  under  the  hendings  at 
Abmtrmnt  JUtnxi-xupphf  ami  .Ibrionrtui  Physical  Conditlotm ;  it  in«v  he 
necessary  to  add,  altered  ncrtr-itijiucnvc,  but  we  do  not  as  yet  know 
enough  about  it 

Abnorm&l  Blood-supply. — Defects  in  the  blood  svipply  nmy  br 
due  to  crn»rs  in  the  tirciil.Htion  or  in  the  com|Mmition  of  tlir  bloocL 
It  may  result  from  hypera-mia  or  anaemia ;  from  all  aluiormalitles  In 
blood-constitution,  whether  due  to  faults  in  its  fornuition  or  purifioatioo, 
or  to  the  introduction  of  poisons  or  parasites  from  withont. 
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Abnormal  Physical  Conditioni. — This  group  includes  injuHeH 
fruiu  any  one  of  tin.*  jihysical  forcfs,  applied  eitlicr  from  without,  nr, 
so  to  !ipe»k.  from  witliiii ;  hLso  the  results  of  nieclianieid  obstacles  t<> 
discharge  of  function  or  of  contents — e.g.,  stricture  of  a  duct  or  orifice, 
stmngulatirm  of  gut,  pressure,  and  the  mechanical  effects  of  parasites. 


EFFECTS  OF  PREVIOUS  DISEASE.  —  Some  diseases, 
when  they  Iwve  occurred  once,  tcjid  t*»  miir  H^aln  and  again.  In  the 
case  of  otiiers,  to  have  suffered  once  is  to  have  secured  practical 
immunity  Hgiunst  a  second  attack  (see  "  Immunity  "). 

Ccrtjiin  other  diseases,  agtiin.  seem  to  modify  vcr}'  deeply  the 
functions  of  the  body.  Many  years  after  these  diseases,  it  is  found 
that  iJlncsses,  which  seem  at  first  sight  to  have  nothing  to  do  with 
thein«  yield  only  to  the  treatment  pmpcr  fur  the  original  malady. 
Such  are  nialaria)  fever,  sj'philis,  and  gout.  Tlie  |>oisonsof  the  first  two 
are  probably  still  latent  in  the  body :  as  to  gout,  mc  know  t(M>  little  of 
its  essential  nature  to  speak  definitely  of  the  way  in  which  its  influence 
b  exercised. 
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MODES    OF    EXTENSION    OF    DISEASE  ~  Primary 

disea.se  of  aji  organ  or  tissue  is  trequenlly  followed  by  secondary 
disease  of  other  parts.     This  may  happen  in  several  ways  : — 

I.  By  direct  spread  of  a  morbid  process,  as  when  infltmimation 
extend-*  from  skin  to  subcutaneous  tissue,  or  when  cancer  of  the  niamniu 
invades  the  Kuperjacent  skin. 

'2.  By  the  carriage  of  the  causes  of  disease  from  a  primary 
focoa  to  parts  at  a  distance. — 'Ihus  organisms  may  be  carried  by 
the  lifrnphativft  and  give  rise  to  inflamed  lymphatic  glands  ;  pieces  of 
rlol  may  be  conveyed  by  the  hfttotf-tuwA-rLs,  ;uid  produce  emlxilism  ;  and 
m  renal  calculus  may  be  transferred  through  the  ureter  to  the  bladder. 

3.  Mechanically^  by  so-called  '* Iwvh-ieUiug."  Thus  stricture  of 
urethra  eaiiscii  hj-pertrophy  of  the  bladder  to  overcome  the  obstacle 
to  the  outflow  oi  urine,  or  dilatation  of  the  bladder  if  its  eflxirts  are 
In  eillier  ease,  the  difficulty  of  entry  of  urine  into  the  bladder 

.:,L  reaped,  and  the  ureters,  |)cives,  and  kidneys  dilate.  Interstitial 
ncphritb  results  from  the  pressure^  the  renal  functions  are  imperfectly 
performed,  and  this  is  detrimental  t<*  the  orgaaisni  at  large.  The 
miicc<r»ston  of  changes  which  r«'s»lt  from  mitral  incompetence  is  another 
faniilUr  example  of  this  mode  of  extension  of  disease  (see  "  Mechanical 

ypcTKinia  "}• 
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4.  Failure  of  any  part  to  do  its  share  of  wozk  in  the 
economy. — Tlie  result  of  such  failure  will  depend  upon  the  readiness 
and  completeness  with  which  its  defection  can  be  compensated.  If 
the  work  can  be  readily  taken  over  by  other  parts,  as  can  that  of  a 
sweat  or  seluiceoits  gland,  nothing  is  noticed;  on  the  other  hand, 
extir])Htion  of  a  kidney  which  was  doing  work,  is  followed  by  a 
time  of  danger  from  diminished  excretion  of  urinary  products,  as  the 
other  kidney  is  at  first  unequal  to  the  double  duty.  Absolute 
failure  of  the  cardiac  or  of  the  respiratory  function  will  cause  death, 
there  being  no  power  of  compensation. 

TERMINATIONS  OF  DISBASE— The  possible  termina- 
tions of  disease  are  recovery,  or  return  of  the  part  to  the  discharge  of 
its  normal  functions  ;  jmrtial  rcit>verif  ;  and  death,  or  complete  cessation 
of  function.  Certfiin  diseases  can  scarcely  be  said  to  have  a  termina- 
tion ;  when  once  established  they  remain  stationary. 


It  will  be  useful  here  to  give  a  liht  of  the  morbid  processes  to  which 
all  organs  are  nu>re  or  less  liable  : — 

'i'he  results  of  mechanical  or         Degeneration. 


physical  injur)'. 
Displacement. 

Hemorrhage. 

*  *       * 

Developmental  errors. 

*  ♦       ♦ 

AuHMuia. 

Hy))erH.'nn'a. 

O'xlema. 

Inflaunnation. 
Atrophy. 


Necrosis. 

Regeneration 

Hy|>ertrophy. 

Tumour-formation. 

*  *       * 

IxKlgment  of  parasites. 

♦  *       ♦ 

Stricture  an<1  its  consequences  may 
occur  in  every  duct  or  canal ; 
and  calculi  may  develop  in  any 
of  them. 
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CHAPTER   I. 

NTTTRmON    ARRESTED. 

Necrosis. 

TiiK  t*oinpletc  mid  pt*niijuieiit  arrest  of  nutrition  in  a  part  constitutes 
ncifusi»,  g^agrviWf  or  loral  ilcath. 

iETIOIfOGY  -   VVhatcver  interf<*res  with  the  supply  of  nutritive 

itcriiil  to  a  |«irt.  or  ilr^.tnty*  tin;  vital  nctivity  of  its  cellular  elements, 

ly  cnuHv  it»  dentli. 

.V  Interfeheme  wrni  the  Svi'I»ly  of  Nutritive  Materui- — Such 
Hcrfrrencc  may  b**  the  result  of: 

I,  Obstruction  in  the  Arteries. — This  is  a  common  cause  of 
necrosis.  The  ub^t  ruction  may  be  caused  by  compression,  by  ligiitur*^, 
by  rupture,  by  thrr»mb<»sis,  by  embolism^  or  by  disease  producing 
tilirkenin^  of  the  arterial  coats.  If  the  obstruction  be  complete  and  a 
»lLAtcml   circulation  cannot   be  establisheil,  death  uf  the  part  (|uickly 

^.  Obstraction  in  the  Capillaries. — Obstruction  is  often  the 
iuJt  *»f  pressure  ii|K»n,  t»r  stretching  of,  these  vesHcls.  This  may  take 
ICC  fn.nn  the  accunuilatinn  of  iJiHununatory  pn»ducls,  or  of  extrnvavited 
liMxl,  or  Irom  the  pressure  exercised  by  new  /growths.  The  resulting 
obstruction  lo  the  capillary  circulation  causes  the  deatli  of  the  immedi- 
r  ■     "cnt  tissues.      As  examples  of  necrosis  from   this  cause   may 

I'  -incfl:  necrosis  of  the  su|)crficial   layers  of  the  bone  resulting 

fnitn  |>crirMtitis,  and  due  to  the  compression  of  the  capil]arie!i  l>etween 
bone  and  the  periosteum  ;  the  sloughing  of  tendons  in  whitlows 
Uvn  the  latter  are  opened;  and  the  fonnation  of  ordinary  beds4ires. 
nn-n  inHanimation  causes  gimgrene  it  is  by  the  prmluction  of  stasis, 
ling  tu  deatl)  of  the  tissues  from  malnutrition  and  coagulation  ot 
bluoU  in  tJieir  capillaries.  Whenever  necrosis  of  a  tissue  occurs,  the 
blofitd  cortgnlatrs  in  its  ca]ullaries ;  and  thus  hiemorrhage  from 
gangrenous  |i«irts  is  prevented. 

3,    Obstraction   in   the   Veins. — Olistnietion  to  the  return  ot 

by  Llie  veins  nuist  be  >o  complete   in  order  to  arrest  nutrition 

it  it   U  in   itself  rarely  a  cause  of  necrosis.     It  is  when  associated 

ith  ciirdiAc  weakne&s  or  olistrucHon  in  the  arteries  that  it  constitutes 
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Mil  important  agent  in  protlucing  this  result ;  for  then  the  force 
neocssary  to  drivt.'  thr  bloot!  on  tliroiigh  the  nuich  nArmwccI  venom 
chminel  is  (|uitc  inmtequate.  Gangrene  clue  to  these  <-outbinecl  ciuiiirs 
oeeurs  at\er  ligature  til'  a  main  arter)'  and  its  vein,  and  may  follti* 
Hceidental  injury  of  the  vein  during  the  njieration  of  ligature  of  a  Urgr 
artery,  cft|)eeiAlIy  in  the  thigh.  It  nwy  also  result  from  constrictitKi 
of  a  part  hy  a  bandage  not  tight  enough  to  occlude  the  arterirs  «» 
well. 

4.  IMminished  Cardiac  Power. — This  is  never  by  it»elf  a  »uJ(i< 
cienl  causr  of  nt-erosis.  In  eases,  however,  of  excessive  graenU 
debility,  or  of  disease  of  the  cardiac  substance,  the  consequent  dimino- 
tioM  in  the  contractile  jxiwer  of  the  heart  niaterially  aids  the  foregoing 
causes  in  producing  a  fatal  blood-stasis.  The  arrest  of  the  cireuUtioa 
fe  •'senile  gangrene."  and  in  that  form  whidi  so  often  occurs  in 

of  the  back  in  ad)'namic  fevers  and  in  chronic  exhausting 
(,  is  ill  |>art  the  result  of  diminished  cardiac  |>ower  This  amst 
En  the  last-iuuned  conditions  is  usually  determined  by  some  injurioiui 
irritation  of  the  tissue — in  other  words,  it  is  a  part  uf  an  inflammatory 
process. 

:).  Inflammation. — As  a  cause  of  necrosis,  inHaniiuation  bcUiugaj 
partly  to  tlu-  gnuip  we  are  now  discussing  and  jMrtly  in  that  on  tba 
next  page  ;  for  the  effect  of  the  inflummator}'  process  is  to  inipcM 
or  arrest  the  circulation,  as  well  as  to  impair  the  vitality  of  tbo 
affected  port.  The  intensity  of  the  pro<*ess  may  Ih*  so  great  skA  tO' 
cause  coagulation  in  the  capillaries  and  death  of  the  tissue.  It  m 
then  called  atagu/aUve  or  coagitlntioit  nccrtus'ui  (i>.  ^2).  When  a  strand 
gulatcd  or  invaginated  piece  of  gut  is  released  and  the  circulatioa 
is  re-established,  severe  inflammation,  j>erhaps  leading  to  gimgrene, 
frc<|urntly  ensues.  Cohnheim's  experiment  of  tying  off  a  rabbit'a 
ear  has,  in  effect,  been  repeated  (see  "  Embolism  ").  It  is  of  practical 
importance  to  note  that  ittJInwrnatioM  sets  in  only  on  re-t'stahitjthmmi\ 
of  the  circuhiticm,  that  is  when  the  gut  is  returned  t<»  the  peritoneal; 
cavity:  1  here  is  none  whilst  it  is  in  the  sac.  A  much  contused  and 
lacerntcd  |Hirt  may  ultimately  be  killed  because  the  pressure  uf  the 
eflusion  from  its  injured  vessels  still  further  im|>edes  the  How  through 
them.  Certiiin  inHammntions  have  a  sjiecial  tendency  to  tenninatr  inj 
necrosis,  xuch  as  diphtheria,  carbtincle,  noma,  "  hospital  gangrene/'  aiHi 
spreading  traumatic  gjuigrene.  In  these  c(»nditions  the  intensity  o^ 
tlu*  injury  tti  the  tissues  ispnibably  due  tn  the  action  of  minute  organlmUL 
Li  all  cases,  the  more  impaired  the  nutrition  of  the  |»nrt  which  titqjimi^ 
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of  an  inflammatory  process,  the  more  likely  is  the  inflinnmatory 
csH  to  cause  its  death. 
B.  DcsTaL-cTioN  OP  THE  VrTAL  AcTivm'  of  the  celluUr  elements  may 
niasrri  bv  : 

Physical  and  Chemical  Agencies. — A  part  may  be  completely 

diM>r^nis«-d  and   lose   its   vitality   i*^^   the   result   of  external   violence, 

Eccssive  heat,  or  extreme  cold.     Many  corrosive  chemitrals,  as  acids 

caustic  alkalies,  destroy  the  life  of  cells.     Putrid  urine  or  foul 

'lions  from  wounds  will  sometimes  destroy  the  cells  like  a  caustic. 

implied  in  the   last    pam^aph  other  organisms   as  well  as  those  of 

itPpfaction  may  pri>ducc  a  similar  result.     These  physical  and  chemical 

ies  frwjuently  cause  necmsis  by  exciting,  in   the  first  place,  acute 

ition. 

These  are  the  sevenU  causes  c»f  necnwis ;  but  it  must  be  borne  in  mind 

it  the  pnwe^s  is  often  complex,  ajid  due  to  the  combined  influence  of 

or  more  of  them.     The  liability  to  necrosis  will  greatly  depend  aLm 

itx  ihr  patvrr  of  thr  lltKUfs  to   irxiat   itijtin/.     This   varies,   probably,   in 

ferent  individmds,  and,  certjiinly,  in   different  tissues  in   the  same 

lii-idual — intestine,  for  example,  being  much  less  resistant  to  injuiy 

in  skin.     Conditions  which  would  lead  to  the  death  of  a  part  in 

^hich  tlie  circulation  was  already   impeded,  or  in  which  the   vitality   of 

le  ct'Ilular  elements  wiis  tm|>airt'tl.  would  pro<luce  no  such  effect  where 

ich  local   weakness  did  not  obtain.     This  is  well  exemplified  by  the 

Is  of  the  tissues  of  the  back  from  pressure,  which  so  often  occurs 

conditions  of  debility  ;  by  the  formation  of  ulcers  near  varicose  veins 

tlie  legs  ;  by  the  gangrene  of  the  extremities  which  sometimes  results 

iro  the  long-continued  ingestion  of  ergot ;  and  especially  by  senile 


THE  CHARACTERS  OF  THE  DEAD  PART— Ihcse 
lUy  resemble  one  ot"  Iwri  tyj^cs  known  ns  dry  and  moist 
le  rc^fpectively.  There  are  three  conditions  which  mainly 
line  into  which  of  these  two  varieties  a  given  instance  will  fidl. 
are  (1)  the  .unouut  of  Huid  which  the  involved  tissues  naturally 
;  (2)  the  extent  to  which  the  vessels  of  the  part  affected  are 
t\  with  blfKKl,  linii  the  amount  of  Huid  which  is  therefore  present 
the  time  ;  and  (3)  the  rapidity  of  the  evaporation  from  the  surface. 
Dry  gangrene  will  therefore  occur  in  those  pjirts  in  which  the 
iCA  tiatumlly  i^^.intain  but  little  Huid,  such  as  bone,  cartilage,  and 
It  will  fd*>o  be  frequently  ai»sociated  with  such  obstructions  of 
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the  arteries  an  may  occur  without  luiy  corres|x>iidiiig  interfcrenrc  wiUi 
the  circulation  in  the  veins  and  lyniphntic*.  Vrs'  pan^frenr,  iherefoir, 
may  result  from  erabolism,  froni  slowly  j»n.ijfrevvinjf  arteri*!  liirwmlitwiv 
and  from  the  prolonged  ndininistralion  of  erjfot  A^^in.  fnee  ex- 
jKJsure  to  dry  air,  slow  progress,  and  tlie  destruction  of  thr  cpidrmtK 
will  all,  by  promoting  or  permitting  evnjmnition,  aid  in  priKhicing  dry 
gangrene,  lender  these  circumstances,  the  jMirt,  which  i<.  pale  frvm 
the  first,  gnidufllly  dric<  up  and  l>eeonies  convrrtetl  into  a  daric, 
shninken  mass,  underf^oing  but  little  further  change.  The  oonditiont 
obtaining  in  dry  ^uffrene  are  precisely  those  which  render  the  growth 
of  nr^;inivuiK  aliiK»st  inij)0'*KibIe. 

Moist  Gangrene.  Under  opposite  cirruniHtance}*.  n  pirt.  ecm- 
bifttin;^  largely  of  nniscic  and  other  soft  structures  may  beeimic  ntpidly 
f(anjB^nous,  either  from  an  acute  inHanmmtion,  or  from  \enoui 
obstruction  combined  with  a  weak  arterial  supply.  When  thislmpperM 
its  tissue.K  are  nccordinf^ly  ^or^ed  witli  an  albununou':  Huid  full  of 
breakinf(-down  red  blood -coqiuscles.  The  hiemojflobin  of  thew  fcinns 
a  red  M»lutioii  which  souks  into  and  stains  all  the  tissues.  The  limb 
bt  much  swollen,  of  puri>tish  colour,  and  ot^en  studded  witJi  bullH*  of 
blocxl-stiunrd  fluid.  If  surh  a  jutrt  is  e\])osed  to  warm,  moist  air, 
M^ptic  iMrtcriu  cpiickly  enter  thr«>ugh  the  skin,  multiply  rapidly  in  the 
highlv  piitrcHcible  fluid,  and  generate  by  their  action  g^f^^ — chieily 
sulphuretted  hydntgen,  ammonia,  nitrogen  and  c«rU»n  <lioxide — which 
give  rise  to  the  emjihyscmatiuis  craeklinff  m»  o(\cn  ass<H'iatc<J  with 
f(aiigrene.  llie  tissues  soften  and  liquefy,  the  whole  jiort  beoomrs 
exceedingly  offensive,  and  its  tissues  change  in  colour  from  reddUh  to 
bn>wnish  or  greenish  black.  For  putrefaction  to  occur  it  is  ah)w>lutely 
essential  that  septic  Ivicteriit  Ix*  admitted  ti»  the  juirt  :  couMfquently 
»uch  ehnnges  nre  met  with  chiefly  in  external  parts  or  in  those  internal 
parts  to  which  organisms  have  free  access. 

Wien  the  life  »>f  an  internal  organ  or  [wirt  is  destroyed  ami  tiacteria 
are  not  admitted  to  it,  as  in  simple  infarction,  its  tissue^  undergo  a  series 
of  degenerative  fatty  changes  kntm*n  as  necrobiosis. 

Coagulation  necrosis  is  n  term  appli<*d  to  a  |>eciiliar  form  of 
sudden  tissue-death.  The  celK  in  d^ing  seem  to  give  rise  to  some 
sub«itance  or  sulistaticcs  which  unite  with  tlie  lymph  arid  cnusr  an 
ap|>arent  coagulation  of  the  dying  cells.  Micr<:>scopicall).  the  nuclem 
disappears,  and  tJie  <iTntents  of  the  cell  are  replaced  l>y  a  stmc^- 
tureless  hyaline  IrKiking  material.  Fatty  drgriieratioii  subsrf|uently 
sets  in.     The  proeesH  may  l>c  the  renult  of  Iwietcrtal  action.      It  oaiy 
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in  In  parts  freely  supplied  with  l)-mpli^  and  is  never  found  in  the 


In-ain. 


COURSC — Gangrene  may  Ik  circumscribed  m-  spreading. 
Tlir  eours*  variei  chiefly  with  U»e  ivjwjr,-  but  the  rcjrijttattcr  of  the  tissues, 
which  depends  up«jn  their  vital  energy  and  blo<Kl  supply,  must  always  be 
tokeii  int<»  accsjunt,  for  causes  which  have  little  effect  on  healthy  tissues 
niay  lead  to  sloughing  in  the  aged,  in  the  diabetie^  in  the  allMiniiiiurie, 
Aiul  in  the  intempenite. 

With  regard  to  the  first  factor — circumscribed  gangrene  implies  a 
e) m J m scribed  cause.  This  form  is  exemplified  by  the  death  of  tissue 
rr^ultinjc;  from  mechmiical  violence,  the  actual  cautery,  or  compklo 
stoppage  (»f  the  circulation.  On  the  other  hand,  spreading  gangrene 
nrcessit;ites  a  cause  which  spreads  bef*»re  it.  Tims  gangrene  from 
arterial  tlinmibosLs  otien  spreads  but  slowly,  and  with  a  well-tlefined 
triArgin.  But  the  typical  spreiuling  gjingrenes  are  those  due  to  infiam- 
mation,  in  which,  probably,  the  action  of  orgiuiisnis  on  the  fluids  of  the 
jwrt  constiintly  provides  fresli  tpiantities  of  the  irritant. 

W  hen  the  process  bettunes  eircumscrilH'd,  the  dead  tissue — xphaifhix 
or  xfough — acb>  as  an  irritant  to  the  adjacent  living  structures,  causing 
more  or  less  inflanunation  of  them.  If  the  slough  Is  ase])tie,  the 
inHMinmation  is  slight — leading  merely  t(»  the  fomiation  of  a  layer  of 
fibroid  tiisue  round  the  dead  ninss  by  which  it  becomes  cneapsuled. 
This  occurs  cspeeiaUy  in  internal  jwrts,  and  is  best  illustrated  by  the 
falv  of  shnple  infarcts.  When  thus  cneapsuled  tlie  dead  part  ceases 
to  irritate;  it  t)ecomcs  decolorised,  fatty,  infiltrated  witii  small  round 
cell*  which  absorb  the  fatty  detritus,  and  ultimately  converted  into  a 
mull  filin>us  sear,  which  nwy  calcify. 

WTieii  the  slough  is  superficial  it  generally  putrefies  and  becomes 
kgly  irritant;  but   mummification  will   minimise   tliis.      The  in  flam- 
itiofi  of  living  tissue  round  the   now  Umited  slougli  is  sjKiken  of  as 
ihc   Utte  of   demarcation.     Exudation  and  migration  occur  freely 
ilo  a  narrow  z<»ne  of  Uvuig  tixxue  surrounding  the  edges  and  twse  of 
\c  fclough  ;  fibres  and  all  firm  connections  between  the  hving  and  dead 
arc  softened  and  eaten  through  ;  and,  finally,  when  this  process 
i|ilete.  the  slough  is  cast  off  by  suppuration  occurring  along  the 
of  demarcation.     If  the  whole  thickness  of  a  limb  die»  the  stump 
by  casting  off  the  sphucehis  will   lie  conical ;   for   the   soft    parts 
el   nonipwhat,  and    the   bone   sepanites    lower   down.     The    less 
kf  a  ti*Aue,  the  longer  wilt  be  tile  time  occupied  in  its  erosion — e.g.. 
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fascia,    tendon,    bone.      If     the    dead    mass    be   deeply    seated,   and 

Nuppurution  occur  «1k»ii(  it,  fistuliv  will  fttnii,  leading  frtim  it  to  tlw 
hurface.  llirough  one  or  more  of  these,  it  nmy  ultimatrly  be  caat 
4ifr,  as  is  seen  in  necrosis  of  luine.  After  removal  of  the  tdoiigh,  an 
olccnited  surface  Ls  left. 

Senile  Gangrene. 

This  is  a  fonn  of  necmsi.s  which  afl'ecls  cs)>ecially  llie  lower  extremities 
of  i»ld  pe<»p!e,  and  in  the  result  of  seveml  of  those  u'tiological  conditioDS 
which  h«vc  already  been  enunu-rated. 

The  most  important  element  in  the  pnxluction  of  senile  gangrene  is 
the  presence  of  at/icroniutowt  <.r  cti/tafroiLx  changes  in  ihc  aricrirj  of  the 
limb,   which    prcatly  diminish   Ihcir    elasticity   and    calibre,  and    prv- 
|»c»rtioimtcIy  imjKiir  the  circulation  in  and  nutrition  of  tlie  part.     This 
is  shown  by  the  coldness  of  feet,  cmni])s,  and  other  abnormal  sensatiooB 
.so  often  cxiK-'ricnced  by  the  |>jiticnt  for  some  time  before  the  gangrme 
hcls  in.     The  slowing  nf  th**  circulation  is  usually  much  increa-se<l  In' 
ilefcctive  action  of  the  heart  due  to  atrophy  or  degeneration  of  itsJ 
muscular  substance.     'JIuih  the  contact  of  the  blood  with  an  abuomud 
vrssel-wall  is  prolongctl,  and  this  i%  sometimes  sufficient  to  cause  the 
formation  <»f  a  thrombus  in   tlic  artery.      ITie  clot  thus  forme<i  slowly 
spremls  until  it  may  extend   fnnn   tlic   foot  to  the  groin.     Gangrene 
then  Mipen*enes.     It  begins  in  one  or  more  toes  simultaneously  and] 
extends  -.Ittwly.     It  is  often  surprisingly  limited;  and  even  where  the 
thrombus  extends  into  the  |Mipliteat  artery,  j»rt  of  the  foot  may  escape. 
In    other    eases   etnhotixtn  with   su|>emdded    thnimbosis,   may  be   th^H 
uttarting  point — a  chalky  plate  or  a  parietjil  thrombus  being  swept  from 
a  large  into  h  smaller  artery. 

F'iniillv,    the    gangrene   may   Ik*    i  n  flam  mat  ortf,   due    to    some    trivialj 
injur)',  such  as  a  slight  abrasion  of  the  fixjt,  the  cutting  of  a  com. 
Mime   excess   of  heat   or  cold,  acting  U|X»n   feebly  nourished  tissu 
supplied  by  ilisca^ed  vessels. 

Fat  Necrosis* 

Under  the  name  ofjhi  ntrnmis  a  |H-culiar  change  occurring  in  fat 
iH'cn  deseribciL  It  consists  in  the  fonnation  of  ojhuiuc  uhite  areas, 
an  inch  or  less  bi  diameter.  These  are  of  firm  consistence,  and 
scaltcreil  through  other^visr  normal  fat.  They  st/iin  with  osmic  n 
luid    melt    ttii    the   ajiplication    i>i  heat.     Under   the   niieroseope 
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itents  «f  the  affected  cells  are  either  crystalline,  or  opiujue  and 
f^mnubir.  The  trHnsition  from  diseased  to  henlthy  cells  is  «bnipt. 
rThe  surrounding  j>arts  arc   occasionally   infilirated   with   Miiall    niiin<I 


Fic.  4.— Fit/  A'Kfviis.  The  abrupt  transition,  from  the  healthy  ctUs  on 
ihe  left  10  the  necrosed  cells  on  the  nghi.  is  well  marked.  The  con- 
tents of  (he  affected  cells  arc  Andy  granular.  (From  a  5ptfcimen  by 
Dr.  Rolleston. ) 


'11*.     Put   necrosis   is   most    fretniently    encountered    in     the    sub- 
|M;ritiMie;il  lat,  but  is  occjisionally  met  with  clbcwhere. 

Pfttliolo^* — Four  distinct  explaimtious  of  this  cliim^e  in  the  fat 
ive  l>een  offered.  According  to  Brtlscr  and  Zenker  it  is  a  primary 
iriTosis  of  lilt,  following  its  excessive  growth,  and  occurring  therefore 
fat  |>eoplc.  Hnlser  also  noted  its  association  with  Inrmorrhagc  in  the 
:ighbuurhoud  of  the  pancreits  and  nurrounding  ptrts.  Langerhans 
[tributes  it  to  the  destructive  action  of  steapsin  abMjrbcd  fn>m  the 
itr^tinc.  Fitz,  recognising  tlic  irequeiicy  with  which  it  is  ^^^sociated 
ritl»  pancrt-ntitis,  considers  that  it  is  due  to  the  spread  of  inHammntion 
iiin  the  jiancreas  itself.  Holleston*  raises  objections  to  all  these 
and  dwiws  attention  to  the  occurrence  of  the  change  in 
cmdttion%  due  tn  severe  disturbance  of  the  abdominal  symjMithetic. 
nnU  out  that   in  acute  lesions  of  the  pancreas,  the  solar  plexus 

•  Trans.  Path.  Socof  Load.,  1893. 
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is  likely  U)  be  involved,  and  suggests  tbnt  "fat  neonwift"  *ihmild  lir 
rejfurdwl  ;i-s  a  disturbance  due  lt»  some  nfleotion  of  the  alwioinmal 
KynipatlK'tic.  In  tliis  WHy,  its  onlinBry  dUtrihutiott,  its  axxftciotuttu  witli 
inHammaton'  eonditii'iis  near  the  he.'ul  of  the  |KiiUTeas.  and  tlir  j;fi»;^ 
ioMJs,  resembling  those  of  neute  intestinal  obstruetiun.  whirh  freqiientU 
atT<im|viny  it,  are  all,  to  a  certain  extent,  cn]Mible  of  explanation. 


Post-Mortem  ChangeB. 

Tlie  ebanjfes  whieh  always  twcur  in  ti*isut•'^  after  death  mu'-t  now  br 
Consi<lered  more  |Mirtienlarly.  First,  with  regarcl  to  the  bUM»d :  tJii» 
fluid  undergoes  the  earliest  and  most  rapid  ehange.  The  hii'umjflobin 
escapes  from  the  rtnl  corpuscles,  jwrtly  by  exudation,  and  partly  In-  thr 
destruction  i»f  the  corjiuscles  themselves,  and,  dissolved  in  the  liquor 
sanguinis,  |»ennerttes  the  surrounding  tissues.  The  (•orpu»irle'i  arc  ulti- 
mately comjitetely  anniliilated>  nothing  remaining  but  a  few  niinute 
gnuiulefi.  The  staining  of  the  tissues  with  haMnoglubin  is  commonly 
known  as  post-mortem  staining,  and  the  itppearanres  it  presents 
are  verj*  <harafteri'-tic.  Tlie  lining  niendirane  of  the  heart  and  blood- 
vcAsels,  l>eing  in  immediate  contact  with  the  blocnl  after  death,  are  thfl 
|Mrts  prinei|utlly  affected.  The  dissolved  lia.'nioglobin  als<i  soaks 
thn^ugh  the  walls  of  the  veins,  thus  giving  rise,  on  the  surface  of  Ihr 
skin,  to  red  lines  which  mark  the  jK»sition  of  the  vevsels  lying  bencatJu 
The  staining  is  of  an  unifonn  pinkish-red  colour,  thus  differing 
the  punctifonn  and  stratiform  redness  of  hy{>enemia,  from  which 
must  be  carefully  distinguished.  The  amount  of  staining  Is  in 
|M>rtion  to  the  mpidity  with  which  decomposition  has  taken  place,  and 
lt>  the  amount  of  lilood  contained  in  the  jwrt  nt  the  time  of  deatlu 
Marked  staining  of  the  end*»cardium  and  great  vesseN  ^>ccu^^  very 
rapidly  after  death  fnmi  septicupmia. 

Post-mortem  discoloration  nmst  1>e  distinguished  from  fiust- 
mortem  staining.  It  is  h  purplish  colour  seen  in  dejiendent  \v\j\a 
which  are  not  pressed  upon,  and  is  due  to  the  gravitation  of  fluid 
blood  into  the  vessels  of  these  parts.  It  disappears  if  the  Ixxly  \3e 
turned  over. 

Ill  uuisele  the  arrest  of  nutrition  is  aeetiin]wuiied  by  a  state  of 
rigidity  known  as  Ri|^or  Mortis.  This  is  a  |M'euliar  condition  of  the 
muselrs  ol>ser\*ed  in  almost  all  Ixtdies  after  <leath,  in  which  they 
bfTf>mc  (inn  ;ind  somewhat  shorteneil.  as  though  in  a  stntc  of  |>ennanrnt 
contraction.       It    comes   on   as  wmn   as  the  muscles  have   loht  their 
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itAbilit)- — i.r.,  their  c>«pability  of  responding  to  ailificMl  stimalatkici ; 
other  wonls,   as  s*>on  as   the  nutriti\^   prwcta&e*   ha*e  completely 
Nis«<l.      The  tiuie  of  iU  appcAnuice  will  tht-refurt:  dcpetid  upuu  the 
it«  of  iiuthtion  of  the  muscles  at   the    tinit   oi  death;  the   rooer 
UJtjf  «iui  vigorous  this  is  the  longer  it  is  before  the  nutritive  pro- 
kpletely  ceAse,  and  consequently  the  lotiger  it  is  licforc  tbc 
Tigor  mortis  tiu|K*r\f  nes.     The  length  of  its  duratiun  and  it*  inteits^ 
^»rc  in  direct  prnportion  to  the  lHtene>»s  of  it*  appearance.     In  people, 
example,  who  are   hi   perfect  health  and  die  suddenly,  as   h%nn 
ideiit.  the  rigor  nu>rtis  <1ch'«<  not  usually  cunie  on  until  from  ten  to 
rcnty-fijur  hours  after  death  :  it  is  verj-  nmrkcd,  and  often  lasts  two 
three   days.       In    those,  on    the  other  hand,   who  die   from    smue 
JkausUng  disease,  as  from  chronic  phthisis,  or  the  adynamic  fe%'ers  in 
rhicli  the  nutrition  of  the  muscles  becomes  much  impaired,  the  rigor 
appears   very   soon,  sometimes  as  early  as  ten   niuiute^  after 
;  it  is  very  slight,  and  may  pass  off*  in  less  than  an  hour.     It  baa 
been  said  that  in  cases  of  death  from  lightning,  and  from  some  of  the 
iverer  forms  of  the  adynamic  fevers,  the  rigor  mortis  is  entirely  absent. 
doubtful,    however,    if  this   is  the  ease,  as  the  rigor  mortis  has 
>ty  escaped  obvcnnticrn.  owing  tu  it>  early  supervention  and  rapid 
tppcarance.      As  soon  as  the  rigor  mortis  has  passed  off.  decomjKxi- 
of  the  muscuUr  tissue  commences. 

regard  to  the  nature  of  the  change,  Kiihnc  and  others  ha\e 
that  it  is  really  owing  to  the  coagulation  of  the  albuuiinou*^ 
substance  of  the  muscle — myosin.  The  myosin,  fluid  during  life, 
(Vttgulates  when  nutrition  Itas  ceased,  the  coagulation  being  attended 
hy  the  Uberulion  of  a  free  acid.  Thus  are  produced  the  finuness, 
bAfdnea*  and  ojMcity  of  the  muscle  together  characteristic  of  rigor 
mortis.  These  disappear  as  soon  as  decomposition  conmienccs.  The 
transverse  striation  of  the  Hbres  tlien  becomes  indistinct,  and  gives 
place  lo  irregular  rows  of  granules  and  fat-molecules.  In  the  mean- 
le  the  muscle  sottens,  its  sarcolemma  di.vtppears,  and  ultimately 
kthing  remains  but  a  sot^  structureless  debris.  This  change  is  not 
icd  tu  umscle  ;  in  the  cells  of  otlier  tissues  a  similar  cuagtilation 
the    protoplasm    takes    place    on    the    cessation    of    the    nutritive 

Respecting    the    fitt*i'iMirtnn    changes  in    other  tissiies— prcitopLism 

ly   not  oidy    coagulates,   but  tends   to  become  Hnely   granular 

dcatli.      It    sometimes   increases  in    bulk  so    that    the  celU  look 

id  in  nucieatcd  cells  the  nucleus  often  shrinks  or  entirely 


luc^nto^oell 


S8 


NUTRITION  IMPAIRED. 


tlisnppeors.  The  cells  uitiniHlcly  break  up  into  molecules  uf  vaiiotf 
sizes.  In  adipose  tissue,  the  cells  diminish  in  size,  owing  to  the  e«rcpe 
of  the  fluid  fat,  which  diffuses  itself  throughout  the  surroundinic 
stnjctures.  The  fibres  of  connective-tissue  swrll  up,  liecomc  opuquc, 
and  ultimately  liquefy.  In  nerve-fibres,  the  white  substanec  of  Schwann 
coAjfulAtetf  and  collects  into  Mnall  drops  within  the  neurilenuna. 
Oirtilage,  bone  and  hair  resist  the  putrefactive  jirocess  longer  than  any 
of  Uie  other  tissues,  and  are  the  least  altered  by  iL 
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It  has  been  show*n  in  the  preceding  chapter  that  the  complete  and 
|>emianent  arrest  of  nutrition  in  a  part  causes  death,  that  is,  ccwtinn 
of  function.  We  have  now  to  consider  tliosc  morbid  pnicesses  lo 
which  iiuirition  is  more  or  less  iiajMimij  iuu\  in  which,  therefore,  p!0 
portionate  *ihninuliaH  of  functional  activity  will  l>e  the  characteriatic 
consequence.  Nutrition  may  1>e  impaired  in  two  ways:  in  t^iinHfity,  so 
that  waste  comes  to  be  in  excess  of  assimilation,  or  in  tfuaiitif,  either 
the  food  or  the  metnl>olisni  of  the  cell  being  «bnonn;d.  Excee*  of 
waste  over  aKsimilation  leads  simply  to  atrophy,  <*r  simple  diminution 
in  the  sixe  of  a  part  or  of  the  whole  body,  whence  results  impairment 
of  its  functional  j>fiwers.  On  the  other  hand,  alteration  in  Ibc 
chemistry  of  the  cril,  or  in  the  quality  of  the  fcxnl  supplied  to  it,  mw^ 
lead  to  degeneration  tif  thi:-  ccl!-c<mtents :  some  abnonnal  sulKtancc 
AppearN  in  the  tisMics,  formed  by  metamoq>hosis  of  the  ccll-proto- 
plasm,  or  deposited  in  the  cells  by  the  bimal  and  not  consumed. 
This,  again,  causes  more  or  less  impainnent  of  the  functions  of  the 
degenerate  tissue  elementN.  B<jth  atrophy  and  degcneraticm  mn^ 
therefore  be  rcg?irded  as  stjiges  towanls  death  ;  and,  in  both  cases,  the 
impjunnent  of  nutrition  not  uncommonly  becomes  so  extreme  thjit  it 
junounts  at  certain  s|x»ts  tti  ;ibM»lutc  arrest.  Death  of  the  most  affected 
cells  consequently  cunucs. 

Several  abnonnal  substances  may  appear  in  the  tissues  as  rt^utts  of] 
their  degeneration,  and  acciinling  as  these  Nul>stances  are  believed  tO; 
br   derived  fnun   the  cell-protoplasm    itself  or   to  be  merely  dcpodi 
from    the    V>lnnd^    the    degenerative    proeesiies   are   tlivided    into   ti 
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oups  :    the  metamorphoses  or  def^enerations   pmfter,  ami   the 
infiltrations,      nuy  ihtTcr  fsseiitially.     In  the  metamorphoses  the 
11-prutopksin   is  gnidimlly   transformed   into  a   new   material.     This 
iHxss  IS  ufteii  euntinued  until  complete  destruction  of  the  histologicul 
Mnents  hiis  taken  place,  and  all  trace  i*f  the  nri^nal  structure  is  lost, 
the  earlier  sta^jes  of  the  process  furK-ticm  is  iiii|}aired:  in  the  later 
may  be  oimpletcly  arrested.     In  the  infiltrations  the  new  material 
not  derived  from  the  cell-protoplasm,  but  in  deptnited  from  the 
;   there   is   an  infiltration   of  a   new   subsUnce.     This  is  rarely 
lluwed  by  destnietioii  of  any  of  the  histnlo^rical  elements,  hence  the 
Structure  of  the  tissue  is  much  less  altered  than  in  the  metamorphoses, 
kd  function  is  tisually  much  less  interfered  with. 
The   metankorphoses    arc  :    fatty,  mucoid,  colloid,  and   probably 
mminoicL     Tlie    infiltrations    are :    fatty,    calcareous,    and    pig- 
ilary. 

Atrophy, 

Atrophy  mu^t  be  carefully  distinguished  from  arrested  development. 
is  a  tUcrrasr  in  the  amount  of  a  tissue,  owinp  to  diminution  either  in 
(^mple  atrophy)  or  number  (nnmerical  atrophy)  of  the  histo- 
logical   elements  of  which  it  is  composed.      It  is  attended  by  loss  of 
■ight  and  imjvkinnent  of  function.     The  two  varieties,  simple  and 
lerical,  are  often  associated,  the  latter  being  an  advanced   stage  of 
icr. 

mtiy  be  general,  affecting  to  a  greater  or  less  extent  all 

tissues  of  the  body,  or  it  may  be  local  and  therefore 

litcd  to  particular  parts.      In  general  wasting  the  stress  falls  at  first 

in   the  subcutaneous  adipo«>c  tissue,  then   u|xm  tat  in  other  situa- 

as  around  «i>tcera  and  in  the  omentum,  then  upon  the  mascles 

glandular  organs,  and  lastly  and  least  upon  the  osseous  and  nervou% 

ires. 


MICROSCOPIC  APPZIARANCES.— Diminution  in  sisee  \% 
Ihr  most  common  condition  met  with  in  atrophy,  and  may  affect  all 
Hwwes,  as  U  well  shown  in  ordinary  emaciation.  Tlm-s  adipose  tissue 
merely  cx>mm(m  connective-tissue,  nuiny  cells  of  which  are  distended 
fiit.  When  a  perstm  emaciates,  the  fat  Is  gradually  removed 
the  cells,  which  diminish  in  sixe,  and  the  fat  which  once  filled 
Ihcni  iNnnpletely  nuiy  be  reduced  to  a  few  isolated  drops ;  it  is  usually 
partially  replaced  by  serous  fluid.     The  eell-wall  and  nucleus  often 
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become  diKtiiictly  visible  (Fig.  5),  niitl  niultiplictitiim  of  tlie  uuclras 
is  not  infrequently  observed  (utrophiv  prufi/rrtttioti).  'I*h»s  esuunplci, 
though  usually  ^ven,  is  mU  a  ^(xhI  one.  ina-siniich  ns  the  iliminution  in 
size  of  the  cells  is  due  to  the  absoqition  i>f  a  substance  with  which 
thev  have  been  injUtralctl^  and  which  is  not  essential  to  their  wrU- 
bein^,  whilst  the  protopl/isni,  At  first  at  all  events,  U  not  aflcctttL 
The  cells  of  all  };lands  may  underf^i  true  atmjjhy  ;  they  become 
smaller,  beinj;  often  finely  jsjranular  from  the  presence!  of  molecular  fiftL 
Shrinking   of  the   whole   or^an    results.     Muscular   tissue   aImi    nuy 


KtO,  5.— /lii^r  Tissut.  A.  Normnl.  B.  Atrophic,  from  x  CAse  of 
phthifit.  (I.  A  single  Tat-ceU.  wirh  oeU-wall,  nucleus,  and  drop  of 
tat,     X  300.     {Vlrchow.} 

atrophy  by  simple  diminution  in  the  sixe  of  its  primitive  faftciculi ;  and 
here,  as  in  adipose  tissue,  ntrt»phic  proliferation  of  the  muscle-nuclei 
w?ems  to  be  common. 

Unless  their  vitni  nctivihf  is  exhausted  the  shrunken  rrljs  are  capable 
4if  recovery ;  all  tlnit  is  necessjiiy  for  their  restitution  i?v  diminution  of 
wa&te  or  increase  of  assimilation,  accordin^c  as  one  or  other  is  faulty. 

Numerical  atrophy  is  oOen  an  advanced  stngr  of  .timftlc  ntropkjf. 
The  rlt'iiirnts  not  only  diniinish  in  sixe,  but  sonu-  artunllv  |»erish,  as  U 
well  tieen  in  advanerd  ntmphies  of  muscle  ;  tlien  restitution  Is  possible 
only  by  the  prrKluction  of  new  elements,  whereas  in  ximpie  ttiropluf 
repair  can  Ik*  rH'rctcd  >\ithout  new  formation.  In  rertiiin  tissurs — as 
the  spU'cn,  lyniphatir  glands  and  skin— in  whirh  ^mwth  occurs  br 
addition  of  new  elctnents,  and  not  by  eidargemcnt  of  pre-existing  cecils, 
atn»phy  is  prolwbly  always  due  mainly  to  numerical  loss. 

Although  Atrophy  in  its  strict  si^ification  consists  simply  in  a 
diminution  in  r^ixe  or  in  number  of  the  component  elt^ments  of  a  timart 
it  ir  rareiff  ti  />er/irc//y  fifnph  procrxs,  but  is  usually  associated  with  more 
or  less /W//i/  flfgrneratiim.  'i'liis  indicates  fault  in  the  rhrmic-Jtl  proccssea 
of  the  cells-      Hrolwbly,  when  the  nutrition  of  a  part  is  so  much   inter- 
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viX  with  as  to  cmise  it  to  alruphyj  Uio»e  (Kirtions  of  its  cells^  which 
loold  bo  combined  with  oxygen  mid  rendered  siiluble,  remain  ;  fatty 

fcnerntinn  is  the  natnml  fate  of  protoplasm  under  such  eonditions. 

is  |)us&iblc'.  too,  that.  :iii  atn»phyiii^  ti'isuc  would  not  store  siiffieient 
ty^cn  for  its  use.      It  ivill  be  !*een  subsequently  that  fatty  degeneration 

»c*  fmni  causes  similar  to  those  which  produce  atrophy  itself. 

FHYSICAIi  CHARACTERS.— The  naked-eye  renj>r„iiion  of 

tn>phy  is  (tt\en  ditfiruU.      Atropliitd  or<;ans  are   uxtm/h/  diniiniished    in 

'ipht  and  sixc.     They  also  contain  lesj*  blood,   and  utc.  drier,  p*der, 

mer,  and  more  fibrous-looking  than  in  health.      The  j^reat  criterion  is 

tranttiion  hi  rttrighi  ami  xize  of  an  organ  ;    but    these   vary   considerably 

hr-alth — fiperially   with    the   weight   and  size  of  the   uhnle   Ixxly  ; 

»reiivfrr.  they  may  be  small  from  incomplete  development.      Again, 

ruiuuUtion  of  blocMl  and  other  fluids  in  an  organ  may  bring  its  weight 

Lsiftc  up  to  or  ab*jve   the   average,   although   its   essential   tissue   is 

lenibly  diminished  in  amount.     The  sinne  fallacy  may  ariiie  from 

frr>:niwth  of  the  tibmus  stroma  of  an  organ. 

All  tbe  tissues  of  whieh  an  organ  consists  may  waste  siintdtaneously, 
ll  the  Icmi  "atrophy  "  implies,  primarily  and  ehieHy,  wasting  of  its 
•tcristic  cells,  as  opposed  to  the  stroma.  The  vessels  aiul  nerve?* 
irse  share  in  the  wasting  process.  The  fibrous  constituents  are 
le  last  tu  atrophy  ;  and  this  fact,  together  with  the  diminished  blood- 
\j  ac(*tiHntH  for  the  jwllor,  dryness,  toughness,  and  fibnais  appearance 
■mrntioned  as  usual  in  atrophied  tirgJins.  N<»t  unronmumly,  as 
higljer  ceils  shrink  and  disap]>ear,  the  connective  tissue  of  the  organ 
riT*ur* — -MS  in  the  sccn>ndary  *'  sclerose:s  "  of  the  spinal  wird — and  it 
ly  brcome  the  seat  of  fat-infiltration,  as  in  pseudo-hyjjertrophic 
paralysis.  This  teudency  to  tike  advantage  of  the  obvious 
**is  of  a  contiguous  tissue  is  perhaps  to  be  explained  by  Cohn- 
\nt\  theory  of  the  '*  physiological  resistance  "  offered  by  one  tissue 
i»l  invasion  of  its  territory  by  another  (see  "Tunumrs").  More 
kbly»  however,  the  overgr<»wtli  of  ctmnective-tissue  in  such  cases  is 
to  a  general  attempt  at  rej>*iir  which  only  results  in  the  increased 
of  the  lca»t  specialised  and  most  easily  regenerated  tissue. 


JET70L0GY — The  occurrence  of  atwphy  is  sure  evidence  that 

nutritive   exchnJige  in  the  atrophied  jwirt  is  disturt>ed  so  that  n^a^ite 

animilalion.     This  is  Ihe  immediatr  cntute  oj'  uH  atrvphifjr.     Atrntni' 

amj  be  deficient  bccau!ic  of  msuffivieni  mppltf  of  fo<xl,  or  becauoe 


32 


NUTKITION   IMPAIRKD. 


of  wafnlittf  on  the  part  of  the  tissues  fn  usr  the  forwl  supplicH.     THr' 
circuinslanres  wliieh  excite  excessive  wnste  in  individual  cells  arc  twtj 
little  underst<HKl.     It    is   convenient   lo   speak  of  genrra/  atrophy 
dtstinet  from  /ma/. 

Grcneral  Atrophy  may  be  caused  l)y  : 
1.  Deficient  Supply  of  Nutritive  Material. — Whntevrr  inter-] 
feres  with  the  su)>ply  of  nutritive  material  to  the  tisi^ueH  will  be  followed 
by  theic  atmpliy.     Thus  the  following  conditions  may  all   be   CJiine%  uf  ] 
general  atrophy  :  deficient  supply  of  fiwid  ;  nbstniction    to   the   pavwgeJ 
of  footl  into  the  stomach  or  intestines,  as  in  stricture  of  the  u;sophji|pK 
or  pylorus ;  the  mal-assimilation  which  results  from  the  various  con- 
ditions pving  rise   to  dyspe()sia ;  interference   with   the  absorption  iif 
the  chyle,  from  obstruction  of  the  thoracic  duct,  or  fn»m  disease  of  Ihr 
mesenteric  glands  constituting  the  so-called  "  tabes  mcsentericji," 

•i.  Exceaaire  VTaate. — All  ctmditions  attended  by  the  tossof  UrTn* 
quantities  of  nutritive  material  may  also  be  causes  of  general  atnmhy 
Among  these  are  :  continuous  htemorrhages  ;  profuse  and  long-cnntinurd 
sup[>untti(Ui  fn>ni  chronic  Iwne-disease  or  empyema ;  diarrhcra ;  tod 
the  excretion  of  large  quantities  o^  albumin  in  Bright'^  dlseiuc  or  of 
sugar  in  dinlx*te*i  mellitus.  The  waste  fnmi  increased  tissue-changr 
Hccompuiying  acute  febrile  diseases  must  also  be  included  under  tliK 
head. 

"i  Xmpaired  Vital  Activity.  -  'I'his  constitutes  an  imjxirtnnt 
element  in  the  pniduction  of  the  atniphy  of  old  age — aenile  atrophy. 
As  life  advances,  the  ability  of  the  elements  to  pcrfonn  those  chemical 
processes  which  Jirc  necessary  for  the  preparation  and  assimilation  of 
the  ti&aue-food  diminishes  more  rapidly  than  the  ability  to  perform 
those  which  are  concerned  with  the  production  of  the  waste  piXKluctv 
Hence,  these  elements  gradually  atrtiphy  ;  and  ultimately  all  nuni- 
festations  of  tJieir  vitality  may  cease. 

Although  general  atrophy  may  occAnionally  be  referred  to  one  i>f  the 
foregoing  causes,  it  is  usually  due  to  the  combined  influence  of  two  or 
more  c»f  lliein.  The  atrophy  asstKriatcd  with  pulmonary  phthis-is,  for 
example,  results  |)«rtly  fr*mi /o*j  o/'H«/n7<Vr  mutrria/  in  prohisc  rx|)rc- 
toration  and  diarrhwa,  |Nirtly  from  dr^ficicut  9uppl^  confiequeut  upon 
im|>crfeet  oxidation  of  the  blood  and  ujkui  interference  with  a^»titnila* 
tion  which  is  s*»  often  caused  by  structund  changes  in  the  stomach  and 
intestines,  «ntl  |wtrtly  from  the  incrrasctl  fh/fur-iHistc  of  fever.  In  sciUir 
atrophy  again,  in  wldition  to  the  general  diminution  of  nutrithrr 
activity,   there  is   frequently  some   c<jndition   nf  Uie   digestive  orgaio* 
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iWh  fnttrfereti  uith  ushiinilalion :  this  imiterially  niiU  in  proiltu-ing 
ultimate  result.  Increased  tissue-wiuste,  li>ss  of  appetite,  and  inter- 
fcn^nre  witJi  assimilation  all  help  to  produce  the  atrophy  which 
ofonmpanics  fever. 


h 


LOCAL  ATROPHY,— In  local  atrophy,  it  is  often  ver>-  difficult 
to  divfivi-r  whiili  Oiclor  in  the  nutritive  f^c]mnpe  is  at  fault. 

1      Deficient    Supply    of    Nutritive    Material.— The     effect 
diminishing    the    blood-supply    to    a    part    will    varj',    according 
the  degree  of  the   diminution,  from    slight   atrophy    to   absolute 
nccro&is. 

I>iinini»ihrd  supply  of  iirttrial  blcHul  is  a  common  cause  of  atrophy 
Mur),  aj»d  may  be  brt>ught  alwut  in  various  wa}'s.  (!)  li^ obstrucUun 
of  ike  MUftp!ifing  vesseUi  hffurt'  thrif  riiftr  a  fuirt.  Thus  pressure  of  an 
.1  anrurjsm  on  tl»e  spcrniatic  artery  may  cause  atr<»phy  of 
.  and  fraoturt-  of  a  long  bone,  above  the  {>oint  where  its 
tricnl  arterj*  enters,  may  result  in  wasting  of  the  upper  fragment. 
)  Bjf  uuifunn  and  cttnfhmous  prexsnre  whicJi  does  not  compress  the 
veins  disproportionately.  Thus  atrophy,  even  of  bones,  results  from 
pressure  of  Auciint'sms  and  tumours  :  deep  fi«isurcs  are  fonned  in  solid 
cirgiuis  fmm  pressure  of  band-like  adhesions;  atrophy  of  the  kidneys 
will  fbtlow  obstruction  in  the  urinary  passages ;  and,  rarelvt  wasting 
af  a  testis  may  lie  due  to  pressure  of  old  hiematoceles  or  hydtt>celes. 
Pmsurc  may  also  iirise  within  the  capsule  of  an  organ  by  the  appearance 
some  new  growth  or  inflammatory  effusion — especially  that  leading 
the  formation  of  young,  str^mgly  citntractile  cicatricial  tissue.  Tlie 
evt  of  tJiis  is  seen  in  cirrhosis  of  the  liver,  and,  a(M*or<ling  ti> 
iiic  IMthoIogists.  in  gnuiulnr  conlmctcd  kidney.  In  all  "pressure 
>)ihir?i "  the  constant  prcjisure  n\w  arts  directly  on  the  cells  of  the 
rt  and  thus  impairs  their  powers.  (,S)  Mechanical  coHgestiwi  in  the 
r  vf»y  Nijmelimes  leads  to  atrophy.  The  circulation  is  impelled, 
the  blood  is  not  returned  noniudly  by  the  veins.  Hence  there 
deficicut  arterial  supply,  and  atrophy  results.  This  is  seen,  for 
lie.  in  the  niechfiiiic.illy  onngested  liver  of  heart  disease. 
XHrniDished  X*aiictional  Activity.^Atrophy  always  causes 
miniUied  functional  activity;  but  sometimes  diminished  fumiitmai 
ixtty  wrems  to  lie  itself  the  cause  of  atrophy.  In  these  cases 
C  immediate  cause  is  cither  ti^/iciait  supi^hf  of  food  or  iinptiirtd  vital 
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proccRsen  in  its  cells  are  leas  active  than  normal ;  such  cells  require 
U'ss  food.  How  the  needs  of  each  tissue  are  lunde  known  to  the 
l>lood-fonnin^  organs  is  not  underslcKxl  ;  but  the  Mi])pl^'  is.  as  a  rule, 
bpeedily  adapte<l  to  any  variation  in  the  demand.  ConhcqiientJy, 
tissues  will,  soi^n  after  they  have  ceased  to  jxTform  their  functions 
receive  only  sufficient  niateriwl  for  those  chemical  processes  which  *till 
go  on  in  them.  This  is  insufficient  to  maintain  the  mass  of  pnHcv 
plasm  required  to  do  the  full  work  of  the  tissue ;  so  ^nnc  nl  It 
atrophies. 

After  birth,  those  parts  which  are  no  longer  required  in  the  aiicrcd 
circulation  ^adually  atrophy.  The  umbtlicnl  arteries  and  vein  become 
thrond)Osed  up  to  their  first  branches,  and  shrink  to  a  fibrous  cord  as 
the  clots  organise — just  like  any  other  vessel  cut  across  or  lied.  But  tlib 
does  not  explain  the  closure  of  the  ductus  venosus  or  ductus  arteriosoftr 
in  which  the  conditicms  are  not  favourable  to  thrombosis.  Oblitm- 
tion  of  these  vessels  cnn  at  present  be  sj>okcn  of  simply  as  a  develop- 
mental fact,  comjwrable  to  closure  of  the  foramen  o\'ale.  The  Wolffian 
lx>dy  disapjK-ars  as  the  kidneys  develop,  and  the  thpnus  wastes  in  the 
aeeond  year.  These,  |>erhaps,  are  examples  of  atrophy  of  orgam 
following  the  development  of  others  better  fitted  tn  do  the  work — 
illustrating,  as  it  were,  the  converse  of  the  law  thai  when  an  orgut 
atrophies  or  is  removed,  correlated  orgims  hypertrophy  and  take  on  It* 
function.     (See  "  Hx^wrlrophy.") 

Muscles  atrophy  when  they  are  rendered  inactive  by  chronic  diseuv 
of  joints,  by  splints,  or  by  paralysis  from  disease  or  injur)'  of  Uie  nervoos 
•ystem  above  Ihe  anterior  coniual  cells  with  which  they  are  rcmnected — 
i.e.,  by  an  *'  upper  segment  "  lesion.     When  the  muscles  of  a  purl  wikste, 
all  it«  other  tissues — nerves,  vessels,  lx>nes,  6cc, — suffer  ultimately  from 
iui)Miired  blood-supply.     Thus,  in  |)art  at  least,  we  mny  explain  Wiistilif  j 
of  tlir  bone  in  a  stump  or  limb  long  kept  at  rest  ;   the  alisencc   of  Ihwij 
intermittent  pressure,  which  it  is  the  function  of  Ixines  to  bear,  is  prob- 
ably a  secondary  cause  ;  at  all  events,  increased  strain  causes  hy|M*rtrophy  | 
of  a  bone.     After  removal  of  the  distal  part  of  a  limb,  the  main  arlcry  , 
and  branches  su])plying  it  become  smaller  and  thinner.      TIic  rectum 
dwindles  after  eolotomy  to  n  scarcely  pcrvi<ms  cord ;    in  tliis  c«*c  thsj 
passage   of   (wctH   over   the   mucous   mend)rane    no   doubt   acts  mt  m 
fttimulanl  to  its  vessels,  as  well  as  an  excitant  of  muscular  action,  and,] 
as,  after  cololoniy,  the  rectum  is  never  distended,  its  tissues  a<lapt  thrm-j 
selves  to  the  empty  ctmdition.      Atrophy  of  the  stump  of  the  optic 
nerve  follows  removal  of  the  corresponding  eyeball.  J 
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The  female  geuerative  orguus  atrophy  at  troni  forty-five  to  fifty  years 
of  age,  the  male  somewhat  later ;  the  spleen  and  whole  lymphatic 
»y<iteiu  waste  after  middle  life  :  probably  in  these  cases  the  vital  energy 
of  the  cells  of  the  parts  concerned  is  exhausted  about  the  times 
mentioned,  and  diminished  function  is  the  result — not  the  cause. 
Thus  tliese  are  really  examples  of  "  senile  decay." 

Trophonearoses. — When  a  muscle  is  ait  off  from  its  connection 
with  the  trlh  in  the  a/tterior  cvmti,  or  when  these  cells  are  destroyed  or 
seriously  injured,  fatty  degeneration  of  the  muscle,  a  more  rapid 
process  than  simple  atropliy^  sets  in.  In  tlie  case  of  atrophy,  those 
changeB  which  nervous  stimuli  alone  can  excite  (p.  7)  probably  go 
on ;  but  in  the  former  they  are  completely  arrested.  Examples 
this  atniphy  are  afforded  by  the  acute  bulbar  and  spinal  paralyses  of 

ults,  infantile  paralysis,  some  cases  of  progressive  muscubir  atrophy, 
neuritis  from  any  cause,  and  rupture,  contusion,  or  section  of  a  nerve. 
S&livar)'  glands  waste  on  section  of  their  nerves.  Nerves  cut  off  from 
their  ganglion  eeJIs  (nf  which  they  are  long  processes)  also  degenerate 
rapidly  and  waste.  In  all  these  cases  the  interstitial  connective-tissue 
incn^uaes,  and  often  becomes  loaded  with  fat  as  the  higher  tissue 
disap|>ears. 

3.  CxcetsiTe  IVnctional  Activity. — This  may,  quite  exception- 
ally, be  a  caust:  of  atrophy— n'.g,,  of  the  testis,  and  jioshibly  of  the 
kidney.  This  will  be  further  discussed  in  the  section  on  Chronic 
Interstitial  Nephritis. 

Atrophy  of  Bone. 

As  In  other  tissues,  atrophy  of  Ixme  is  usually  aGeom|>iuiied  by  more 
or  IcM  fatty  degeneration.  Ofd  age,  dtstuit,  and  conxtant  presjture  are  its 
ino«>t  frequent  causes. 

W'hf.u  due  to  oltl  agtj  there  is  diminution  in  weight  but  no  change 
In  si»e.  'llic  lois  of  weight  is  the  result  of  the  gradual  conversion  of  the 
compoct  tissue  into  one  closelj'  resembling  the  cancellous.  Hie  spaces 
brcomc  Urger  and  their  bony  walls  thinner;  the  consequent  brittleness 
tif  tht*  Umr  is  therefore  a  marked  feature.  This  form,  known  as 
ecctt&tric  atrophy,  occurs  with  other  senile  changes^  and  generally 
afleets  all  Itones,  but  is  specially  marked  in  the  neck  of  the  femur, 
rmdering  it  liable  to  fracture  from  trivial  injuries. 

Atfwphy  from  diMUMtt  or  from  constant  prcx,Kure  is  accompanied  by 
dimrnution  fn  sixe  ns  well  as  in  weight.  Tlie  bone  beneath  the 
periosteum    is    gradually  absorbed,  and    the  medullar}'  canal   shrinks 
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])ro]x>rtianatcl>-.  Tliis  variety  ii*  known  as  concentric  atrophy.  \m% 
the  chan^fes  cliaractcristic  of  the  eccentric  foruj  arc  ottvu  present  a*  wrll. 
It  is  a  local  alteration,  and  is  met  uith  especially  iu  the  lon^  bones,  in 
cases  of  long-standing  ankylosis,  dislocation,  or  pnralysis.  The  effect 
of  constant  pressure  in  the  production  of  atrophy  is  well  shown  in  the 
enlargement  of  clefVs  and  perforations  of  the  hard  palate  wlurh  olleii 
results  from  the  insertion  of  plugs.  Tliese  interfere  with  Uie  blood* 
supply  and  thus  cause  atrophy. 

Atrophy  of  bone  must  not  be  confounded  witli  arrejrtrd  Hn^rloprnmL 
The  latter  is  commonly  met  with  in  the  later  stages  of  infantile 
paralysis.  A  vcr}'  similar  result  niny  be  jiroduecil  by  anything  which 
causes  premature  ossification  of  an  epiphysis^  such  a^  rickets,  inflamma- 
tiim  or  injury.  These  arc  the  common  causes  of  stunted  linib^ ;  and 
niicrocejjirtly  may  Ik*  due  to  premature  ossification  of  the  cartilage 
lietM'eeu  tlie  basi-sphenoid  and  the  basi-oeeipital. 

Pulmonary  Veaicnlar  Emphysema. 

Tliis  appears  to  be  a  proper  place  tn  describe  the  elianges  in  tlie 
lungs  in  emphysema,  as  the  chief  of  them  is  atrophy  of  the  int^r- 
alveolar  septa. 

Emphysema  consists  essentially  in  a  ptrmannti  enlargement  of  tlir 
infumlibula  and  air-cells  due  to  atrophy  of  the  inten-ening  septa;  it 
should  be  distinguished  from  the  acute  over-<listension  often  6een. 
especially  in  children,  atler  death  from  bronchitis  or  hooping  cough. 
'Ilie  condition  of  the  lungs  met  with  in  these  diseases  is  sometimes 
called  ''acute  emphysema." 


VARIETIES.— Two  varieties  are  described:  (I)   Hy]>ertrophouc 

or  "  Irtrge-lungtd  "  emphysema — by  far  the  most  intpurtjtnl,  and  alway* 
indicated  when  the  term  "emphysema  *'  alone  is  used;  (i)  Atmphoii&» 
small-hmgcd.  nr  s;cnilc  emphysema. 

1.  In  Hypertrophous  Emphysema  the  lungs  are  enlarged,  some- 
times so  much  that  they  Mctually  cross  in  the  mid-Iinc  in  front, 
obliterate  the  superfici;d  cardiac  duhiess,  project  tuarke<lly  into  \Xw 
neck,  and  push  down  the  diaphragm.  Owing  to  the  loss  of  their 
elasticity  the  lungs  coUnpse  but  shghtly  when  the  chest  is  o|M<nrd,  and 
their  usually  sharp  edges  (in  front  and  round  the  Imse)  are  pale,  thick, 
round,  and  more  or  less  irregular  from  the  protrusion  of  aoft.  |i«le., 
rminded  swellings  :  similar   swellings  frequently  project  towards  thr 
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diaphngm;  the  tongue-like  piece  of  the  left  lung  below  the  notch  is 
gftca  extremely  Fwolleny  and  the  lun^^  may  bear  distinct  j^jooves 
corresponding  to  the  rilw.  Everywhere,  in  ndviiuced  cases,  the  air- 
cells  are  seen  through  the  vi.soeraI  pleura  with  abnonnal  distinctness ; 
bot  the  apices  and  sharp  edges  nre  first  and  ciiiefly  affected,  and  spaces 
of  considerable  <izc  are  here   met  witli.     Abnomial   pigmentation  is 


'"itt.  S. — Bmpkyitmii  of  thi  Lung  (from  a  cast*  of  chronic  fjronchltis). 
A  portion  of  the  rounded  anierior  edge  of  ibc  lung,  Th(?  vaned 
site  of  the  cavities  forntcd  by  distension  of  the  alveoli  and  atrophy 
of  the  partitions  is  \sy:U  shown.    (Kruni  ^  spedniea  \tf  Dr.  Arklc.) 

iL  The  hiugs  t'eel  much  like  a  down-])iiIow,  they  *'  pit "  easily, 
id  crcpitiilc  but  little.  On  scctii>n  the  emphy^eimituus  parts  are 
ic»  dry  and  bloiidJcss ;  and  when  large  sjwices  arc  present  in  the  part 
il,  the  collapse  of  the  aff*ected  areas  is  very  marked. 
MkntMcopie  investigatiun  shows :  that  the  dilatation  commences  in 
ic  iafuiMlibuU,  and  extends  thence  into  the  alveoli  opening  into  it ; 
the  Intcr-alveolar  septa  atmphy  and  ultimately  become  j>er- 
their  eUfitic  6bres  yielding  and  then  disap]>earing ;  tliat  the 
led  oapUlArics  become  thrxjuibosedj  and  then  likewi^  vaimh. 
«|KTturea  in  the  inter-alveolar  septa  enlarge ;  ami,  Utcr^  othcr<k 
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form  between  the  infundibula,  and  thus  are  developed  irreKuUr 
eavities,  which  are  sometimes  as  large  as  a  filbert  The  largest  art 
situate  in  the  pale,  rounded,  bleb-like  swelbngs.  Fatty  degeneration 
of  the  alveolar  epithelium  is  commonly  present,  lUid  is  probably 
secondary  to  vHSCular  disturbance. 

The  communications  between  the  pulmonary  and  brondiia]  vesels 
become  dilated.  The  connective-tissue  round  the  fimaller  bronchi 
may  be  increased  as  the  result  of  bronchitis. 

Hypertrophy  or  dilatation  of  the  right  ventricle  (p.  100)  frequently 
results  from  the  obstruction  to  the  pulmonary  circulation,  any  marked 
dilatation   l>eing    accom(>auied    by   the   venous    congestion    uf   i*ardiM£{ 
failure.     The  thorax  becomes  barrel-shaped — almost  fixed  in 
of  full  inspiration. 

^.  Atrophoos  Cmpbyiema  occurs  usually  in  thin  old  people  whii 
seem  to  be  undergoing  general  atrophy.  The  lungs  during  life  may 
leave  the  heart  unduly  exposed  ;  when  tlie  thorax  is  o|KMied  tiiey 
collapse  excessively,  falling  together  "like  on  inflated  bag  uf  wet 
paper"  (Jenner).  They  arc  excessively  piginentedj  and  their  apicet 
and  borders,  even  af^er  collapse  has  occurred,  usually  show  appearaticct 
like  those  in  the  large-lunged  variety,  and  are  due  to  similar  naked- 
eye  and  microscopic  changes.  In  this  form^  ap]>arently,  the  cUntic 
tissue  is  not  so  generally  affected  as  in  the  large-lunged  variety. 


JSTIOX^GY. — All  conditions  which  increase,  either  atuofidrlif  ur< 
relai'trfhf,  the  pressure  on  the  inside  of  the  air-vesicles,  or  whfidi 
weaken  their  walls,  may  act  as  causes  of  emphyseniA. 

(1)  Inira-aii'Tolar  prcxxtirc  increased  absftiuieiif. — Increased  pressure  in 
the  air-cells  may  be  due  to  violent  expiratory  efforts  with  rlosed 
glottis,  as  in  coughing;  to  violent  muscular  efforts  while  the  glottis  ■» 
closed  and  the  thorax  distended ;  and  to  the  blowing  of  wind  instrs^, 
meiits.  Those  parts  of  the  luJigs  which  are  least  siip|Mjrtecl — the 
and  edges — will  be  most  affected.  This  is  the  eTptraiury  (Hi 
Jenner.  Emphysema  due  to  causes  such  as  these  is  often  caUcd^ 
pritnaty. 

(2)  Infra-alveolar  pressure  increased  relatively. — When,  by 
colla]>se,  compression,  or  consolidation,  the  entrance  of  air  into, 
the  consequent  expansion  of,  any  part  of  a  lung  are  interfered  witli, 
inspiration  will  tend  to  produce  a  vacuum  in  the  immediate  neighlxjur- 
hood  of  this  portion  with  greater  force  than  in  other  jMrts,  iind 
air-cells  in  this  particular  neighbourhood  will  therefore  tend  to 
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■more  distended  tlian  those  iii  other  parts.  Similarlyj  when  from  the 
flune  cause  a  whole  lun^  fails  to  expand,  its  fellow  stretches  over  to- 
wards it.  and  even  the  mediastinal  contents  may  be  displaced  in  the 
same  direction.  This  form  of  emphysema  is  termed  rUariotijc.  com 
pmsaiory,  or  tecondary,  and  this  explanation  of  its  causation  is  known 
as  the  ittjtpiratorif  theory. 

(S)  IVcakeniug  of  thf  alveolar  tpalh. — This  weakening  may  be  due  to 
(a)  the  atrophy  and  loss  of  elasticity  whicli  accompanies  old  age — the 
most  inipurtant  element  in  the  causation  of  atrophous  empliysema  ; 
(6)  atrophy  following  the  stretching,  narrowing,  and  obliteration  of  the 
Uood-ves»eIs,  wliich  in  its  turn  is  a  result  of  over-distension  of  the 
air-cells  from  any  of  the  causes  before  mentioned ;  and  (r)  inherited 
weakness  (emphysema  may  run  in  families],  or  weakness  due  to  some 
interference  with  their  nutrition,  from  the  mode  of  living  or  other 
causes. 


CHAPTER   III. 
FATTY  DEGIINERATION. 

7*he  Icnn  Fatty  Degeneration  i^  here  used  to  include  all  cases  oC 
abuorroal  accumulutioii  of  fat  in  the  tissues ;  but  it  is  t're<(uently 
employed  as  synonjTnous  with  "  fatty  metamorphosis^"  and  as  opposed 
to  "  fatty  infiltration." 

The  abnormal  accumuUtinn  of  fat  in   the  tissues  may  resujt  from 
either  iufiltraliun  or  metamorphosis  (p.  2<)) — two  essentially  different 
as  regards  causes,  nature  and  etfects.     Examples  of  both  occur 
health  (pp.  45,  4fi). 

According  to  Cohnheim,  all  fat  found   in   the  lx>dy  has  the  same 
chemical    composition — lieing  a  mixture  of   tripahnitin,  triolein,  and 
Cmrin.     It  has  since  been  shown*  tliat  if  dogs  are  fed  on  eolxa-oil, 
^d-t^il,  or  mutton-fat,  the  melting  point  of  the  de|Josited  fat  will 
iry  with  that  of  the  form  in  which  it  w.is  given,  and  that,  in  the  case 
'X,  the  tissues  will  contain  erucic  acid,  which  under 
is  absent 


*  LebcdeiT  and  Munic,  quoted  by  Bungc 
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TATTY  INTILTRATION, 

In  fatty  in^ltration,  fat  brought  by  the  bU»od  is  taken  «p  nd 
deposited  in  the  substnuce  of  certnin  cells— vix.,  tfiose  of  the  ctmittcime* 
iiMMue  of  certain  |»arts  (especially  siibrut^uieou^  an<l  Milwcnnis) ;  tboafeof 
the  meduUa  of  limb-bones  ;  and  to  n  less  extent  those  oi  the  Uter,  wlildi 
thus  servcj  physiologically,  as  reserv(»irs  of  fat.  It  isim|x»ssililr  to  dmw 
any  line  between  normal  and  patliolojpca]  fatty  intillnttion  **>  lonn  m 
the  process  is  confined  to  those  cell-grouj>s  which  arc  physioIogicallT 
liable  to  this  infiltration.  Thus  the  sulwutJineous  fjit  and  tlie  hx 
nonnnlly  present  along  the  coronary  vessels  in  nu<ldlc-;iged  adults  varirt 
mudi  in  aniuiint  consistently  with  perfect  health.  But  when  ihc  (at 
spreads  widely  over  the  surface  of  the  heart  it  is  dearly  abnonnnl ;  aocl 
tlic  evidence  of  disease  is  still  stronger  when  the  fat  Hp|>ears  l«-twecti 
the  muscular  fibres  in  cells  which,  nonnnlly,  contain  none.  The  tcmlcnn' 
to  morbid  fatty  infiltration  may  be  general  (obcsiit/)  or  local. 

CAUSES— It  may  be  stated  generally  that,  whenever  osddinlllc 
material  is  present  in  the  bloo<l  in  excess  of  the  amount  required  for 
tlie  supply  of  force  and  nmintenance  of  heat  of  the  body,  there  U  a 
tendency  to  the  dcjKisit  (storage)  of  fat,  first  in  regions  in  which  it 
is  normally  present,  and  later  in  |Mirts  mIucIi  usually  I'ontain  ncmc. 
For  thisj  fat  itself  need  not  be  present  in  excess  in  the  food  ;  the 
presence  of  carbohydrates  in  quantity  sufficient  to  satisfy  the  w«nU  of 
tlie  organism  will  protect  fat  from  oxidation.  Hut  it  would  seem  that 
tJierc  arc  factors  in  the  j)roccss  of  fattening  other  tluui  the  rclntion  of 
food  supply  to  oxidation,  for  nothing  is  nion-  txrrtain  tlwn  tluit  m 
tendency  to  obesity  or  to  leanness  runs  in  families^  and  it  is  notorious 
that  some  very  stout  j>eoplf  are  small  eaters  and  active,  whiKt  utany 
thin  subjects  are  just  the  reverse.  Cohnheim  has,  it  is  true,  advanced 
the  hypothesis  that,  in  the  former,  oxidation  is  nntumlly  slow  and 
im|>crfectj  but  wc  know  of  no  experimental  facts  in  support  of 
view. 

With  regard  to  the  fiources  of  fat  dejKwited  in  the  body— the  food- 
gtuffs  whence  it  is  derived — many  views  are  still  hehl. 

(I)  It  appears  jKissible,  from  the  facts  stated  on  the  preceding  pagr, 
tljat  sonic  fat  may  be  ulKorbcd  mid  df|iosited,  without  change,  in  the 
tiitKues,  even  when  tlic  fiHKl  ciuitaiits  i'tii  drsnimilnr  in  coni|>otiition  tu 
that    generally    met   uitli    in    thf   htmuoi   ImhIv       On  oMut  vK'cnsiiinv 
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iIFof  thr  fiKxl  is  -sloreii  in  Uie  IhkU  it  must  somewhere  undergo 
clmtigf    (u>;ually    the    loss    of    some    liydroKen)    necessary    to 


nwitmiUte  it  to  hunuin  fnt.  It  is  generally  held  that,  under  ordinary 
circumRinnces.  the  celU  will  not  tfike  up  from  the  blood  fats  which  are 
not  nnnnnl  in  iJieni.  The  term  "  iniiltnition,"  which  implies  passive- 
writ-,  on  the  part  of  the  ceH,  is  therefore  probably  incorrect  in  these 
ice^ 
1(2)  It  is  j^eneruUy  believed  that  &t  is  not  formed  directly  from 
Tarbohydrates,    but    that    these    take   the   place    of  the    material 


F>C  'j,-~FaUy  /njiltratitm  of  CdmMtttivt  Tissuf.    Showing  ibc  accurau- 
Ution  of  (at  within  the  ccllv     k  300  (Rtadfleisch). 

^oiu  which  fat  can  be  formed  ;  there  are,  however,  ninny  facts  in 
fav(»tjr  of  the  opptsite  view.  Thus  bees,  while  living  on  earbo- 
hydratrjt.  rontiniie  to  pn)duce  wax.  In  the  case  of  pigs  it  has  also 
Ix-ifi  »hnw!i*  that,  iindcr  certain  conditions,  the  deposit  of  fat  is  due 
the  carbolndmles  in  the  fo^nl.  Nothing  is  known  concerning  the 
ture  of  the  change. 

'■>)    It  i^  thought  thill  the  cliief  source  of  fat  dc|>osited  in  the  tissues  is 
proteids  of  the  f<j<Kl,      These  are  said    to   be  abMtrbetl  and  split 
nitrogenous  and  a  non-nitnigenous  molecule,  from  the  latter  of 
ik"h  fiit  is  fonned,  and  storetl  if  not  required. 

It  would  appcjir,  therefure.    that    excess    of   the    diet  over  the 
il*  of  the  Uxly,  jvirlicularly   if  tJic   excess  be  in  hydrocarbons  or 
rbijhydnites,  is  one  great  cause  of  fattening. 
Wltli  TT-gnnl  to  the  second  great  cause — diminished  OKidation  — 

*    I  when  liuky  and  others,  vjuoled  Uy  Bungr 
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this  limy  result,  frum  sedentary  And  luxurious  haliits,  v«se  uf  niiiid  and 
body,  high  external  tempcrattire,  destruction  of  much  lun^-li«uc  hj 
chrwnic  disease,  or  reduction  of  the  oxygen -carrying  jwwer  of  tike 
blood  owing  to  diminution  of  red  corpuscles  or  of  their  hmnoglobfaL 
The  fat  contained  in  a  nonniU  diet  may,  uuder  such  circumstances,  be 
incompletely  oxidised.  Locally,  oxidation  may  be  diminished  by  tlov 
circulation  or  by  the  circulation  of  deoxidised  blood  through  a  part^ 
conditions  which  normally  obtain  in  the  liver  and  in  parts  thrown  ottt 
of  work — as  in  a  muscle  kept  at  rest.  Excesses  of  fat  may  sometima 
be  present  in  the  Huids  arvmiid  certain  cells — e.g.,  the  liver  cells  altera 
meal  containing  much  fut,  and  the  connect ivc-t ins ue  celU  and  waudci^ 
ing  cells  near  a  focus  of  fatty  degeneration. 

Thus  to  prevent  fatty  infiltration  the  rtict  should  be  modenitr, 
carbohydrates,  and  alcohol,  being  as  far  as  possible  excluded.  Aj^in»- 
priate  exercise  and  the  drinking  of  large  quantities  of  water  will  (krour 
oxidatioiij  and  ensure  the  prompt  removal  of  waste  products. 

APPBARANCES.— I.  Microscopic. — Cells  undergoing  fatty 
infiltration  arc  seen  to  contain  drojilcts  of  oil — very  small  at  first,  but  »tiU 
distinct  droplets.  These  nm  together,  push  the  cell-nucleus  aside  and 
distend  the  cell  until  its  original  contents  seem  to  have  become  a  rocft 
ca|>sule  to  the  fat  (Fig.  H).  As  the  fat  is  added  to  the  previous  cell-cflO- 
tents,  the  cell  is  enlarged  in  proportion  to  the  amount  of  fat  it  contatn»> 

*2,   Naked  Eye. — A     fattily    ijifiltrated     organ     is    consequently 

#more  or  less  swollen.  Any  sharp  edges  it  may 
possess  tend  to  become  thick  and  rounded.  It 
^^^^  is  more  or  less  pale  and  yellowi?;h  on  accx>unt  of 
gt\..  ^^^  nnicmin  (frtmi  increased  intracapsular  pressurr)  ajid 
mfS  -ij]      the  presciicc  of  fat;  it  is  doughy  and   inelastic,  and 

^^^  ^^    ^      both    receives    and   retains  an    impression   from   Hit 

pressure  of  a  finger;  and  it  is  softer  than  natural. 
Rut,  except   mechanically,  the  fat  docs  not  hinder 
the   pn^toplasiii   of  the   organ    from    diseharging   its 
functions.     Ultimately,  however,  prcssurtr  up»m   the 
y  /"tf/zy  /N/i/ira-    fells  pro)K*r  may  become  so  severe   that   they  may 
1^.  X  joo(Rind-    foil   to  get    sutficient   nourishment;    they  will   then 
'*  undergo  fatty  mctamorphitxis,  and  atrophy,     TIic  knife 

used  to  cut  a  fatty  organ  l>ecomes  greasy,  and  may  ahuw  distinct  ciU 
drops  on  the  blade. 


r\ 
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SCATS. — The  cells  mofit  commonly  affected  to  a  morbid  extent 
Mr  lha*e  physiologically  liable  to  the  process — viz.,  connective-tissue 
cells  and  liver  cells  :  with  regard  to  the  former,  it  is  to  be  noted  that, 
noniwllyj  the  cells  of  the  interstitial  connective  tissue  of  working  organs 
(mnscles,  nerves  and  glands]  are  not  infiltrated,  but  may  t)ecome  so, 
especially  if  the  activity  of  the  organ^  and  the  consequent  afflux  of 
uterial  blood,  are  in  any  way  arrested.  In  obc»ity^the  commonest 
ncault  of  morbid  fatty  infiltration — the  subcutaneous  and  subperitoneal 
connective  tissue  suffer  earliest  and  most,  Uie  infiltration  spreading  later 
to  the  interstitial  connective  tissue  of  organs  in  which  oxidation  is  still 
irtt.  The  process  in  connective  tissue  needs  no  description  beyond 
t  just  given  and  illustrated  by  Figs,  7  and  y. 


Fatty  Infiltration  of  Muscle. 

In  muscle,  fatty  tnfiltmtion  is  common  as  a  morbid  process  The 
ceils  M  the  conmedivt  tusne  which  surrounds  the  fascictdi  of  the  muscle 
become  filled  with  fat ;  and  this  devclopiuent  of  fat  hfitveen  the 
muscttlar  faAcicuIi  (Fig.  9)  must  not  be  confounded  with  degeneration  of 
the  fibres  khcmfielvea.  The  interstitial  fat  varies  in  amomit.  In  some 
CAMcs  angle  rows  of  fat -cells  alternate  with  rows  of  muscular  fasciculi ; 
nt  other  times  the  accumulation  is  less  regular,  more  existing  between 
fibres  than  between  others :  in  all  but  the  most  advanced  cascSf 
;  the  muscular  elements  may,  under  the  microscope,  be  diii' 
cDvered  lying  amongst  the  fat — even  though,  to  the  naked  eye,  the 
nttsde  appears  to  bo  entirely  converted  into  fat.  Ultimately  the 
tdOncoUr  fibres  may  undergo  true  fatty  metamorpho<.is  and  atrophy 
until  they  completely  disappear. 

This  canditiou  is  frequent  in  animaU  which  have  been  tjittened — 
the  fkt  not  only  increasing  in  the  usual  situations,  but  alvi  accumu- 
latinK  between  the  fasciculi  of  the  muscles.  It  may  alsn  occur  in 
\c%  which  from  any  cause  have  l>een  incapacitated  for  some  time, 
in  which,  consequently,  circulation  and  oxidation  are  reduced  to  a 
Thus  it  is  found  in  long-standing  paralyses  £rom  lesions  of 
or  cord,  and  in  muscles  wliich  have  been  rendered  useless  by 
ankyloib  of  a  joint.  In  progressive  muscular  atrophy,  and  in  chronie 
Icad-poitocung  the  affected  muscles  exhibit  this  change,  together  with 
Imc  fatty  metamorphosis. 

Fatty  Infiltradon  of  the  Heart* — This  is  not  infrequent  in 
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genera]  obeRity,  and  tifter  periciirditis  followed  by  adhetrioii  of  the  twv] 
contiguous  surfaces.  It  must  be  carefully  di'itinguishcd  fkim  ihei 
much  graver  coiulition  ol'  fatty  degeneration,  hi  health  thrrc  v  4] 
varying  amount  of  fat  l)enenth  the  visceral  pericanliuni,  alwarfc 
abundant  around  the  vessels  in  the  grooves  between  the  Auricles 
ventricles.  This  nmy  increase  so  as  to  cover  the  right  ventricle, 
the  left  is  rarely.  If  ever,  completely  enveloped  ;  at  the  same  tune 


^Sv- 


4_i 


Piti.  9.—  /^»//x  /tiji!0'a/4HH  t^  JUuri.  A  iection  from  the  outer  pwt  or 
the  left  \'nitriclc,  showing  growth  of  fat  (/)  b€tvottn  the  nmiciitiu' 
fibres.  In  tome  places  fatty  metamoqihofis  ii  comiueocing  (</)• 
X  aoo. 

fat  may  pnsh  ifi  along  the  vessels  between  the  tnuseular  fibrejt,  so 
on   the    riglit    side,   to    the    naked    eye,    all    apjiearance    of   niu^rui 
structure  may  be  lo(*t,  tlie  walls  looking  like  a   layer  of  fat,   pci 
half  an  inch  thick.     In  hearta  len^s  affected,  stria*  of  fat,  will  be 
lying  amongst  the  muscle.  (Fig.  *)).     The  fat  is  always  most  al 
near   the   surface,    the   nuiscular    structure    becoming    more 
towards  the  endocardium  :  at  the  base  of  the  ventricles  titick  ril 
processes  may  fonn. 

The    intcn»titial   I'at   displaces  and  coniprt'HMf^  ttie   mtuvuW 
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between  which  it  lies.  And  (liminishcs  the  hlood-f^upply  and  contractile 
of  the  nuisclc,  pcrliii|»  uUiniAtcly  causing  true  fatty  luetamor- 
iK  of  iJic  muscle  (|x  j7).  Thtrse  two  processes  not  uncoiiimouly  go 
hand  in  hnnd,  but  it  is  diHicult  to  apeak  doio^iuitically  as  to  which  in 
aiiy  tjiven  case  is  primary:  fatty  infiltration  is  probably  possible  only 
fts  tlir  functional  nctivity  of  the  heart  (or  any  other)  muvlc  sinks  'uid 
the  codtioucd  action  of  the  causes  leading  to  this  depre&Qoa  would 
■\\r]y  cause  degeneration  of  the  fibres  ;  the  presence  of  interstitial 
uiM,  liowever,  tend  in  the  same  direction.  Fatty  degeneration 
and  ainjpliy  of  niu.>}cular  fibres,  on  llie  other  hand,  is  very  likely  to  be 
fnllowed  bv  interstitial  infiltration. 


Patty  Infiltration  of  the  Liver, 

CAUSBS — In  the  liver  fatty  infiltration  u  exccetlingly  frequent, 
itutiu^  «liat  is  commonly  known  as  the  "  fitty  lirer"  Thit  b 
■^ — fir»t,  to  the  excess  of  non-nitn»gen<)us  o\idxsable  matter  in  the 
portal  blood ;  secondly,  to  the  deoxidised  condition  of  the  portal 
blood  ;  and  thirdly,  to  the  low  pressure  and  slowness  of  Hrralatioo  in 
•he  portal  ^'CHscU — conditions  leant  fa%'ourable  to  oxidation,  and  most 
lavoumblc  to  deposition  of  particles.  An  accumulation  of  fat  in  the 
liver  thus  occurs  tinder  two  opposite  conditions — one  in  which  there  k 
pty»rml  ohrsiitf,  and  the  fat  accumulfites  in  the  liver  in  common  with 
other  parts:  the  otht-r.  in  which  there  i-»  gfnrrai  r— riirfinw,  and  a 
cioiiac<)uent  impairment  tif  the  oxygenating  power  of  the  Mood.  The 
Ifver  in  }ihthiAi4  is  an  example  of  the  seroml  of  these  ccodHMn*, 
Iboogh  in  this  cai^  the  defect  in  the  oxygenating  power  of  tJie  blood 
is  fncnrasMl  by  the  destnictiim  iif  the  lung  tisoe. 

Phjsioloclcal    Infiltration.  —  Hie    liver   celN   always    contain 

a    «Da]l  quantity    of  fat,    wliirh    is   tem|»orariU'   increased   after   tlw; 

»io«i   nf  fatty  substances     In^e^tion   of  food  rich    in    fat    h  fol- 

il   by   a  trmjiorary  cxce^  of  tat  in  tlbc  povtal  blood,  and  by  the 

cuttftcquent   de|iusition  and  temjxirar^'  accnmniatioa  of  put  of  tliis  in 

t  i      '  Tlli»  ht  is  fir^t  deposited  in  the  cimrmfrmdiai  relU  of 

tt  ift,  in  those  which  are  in  immediatr  contact  with  the 

^  1)  <,    r  .  V  of  the  portal  vein.     Frocn  thcftc  it  frndually  panes  to  the 

"     "rhence  it  is  ultimately  conreyed  again  into  the  eifoda- 

•(Y^  ffoesi  UD  until  the  excess  of  firt  is  n  ■■<ncd  frotD  the 

I .  and  the  otdht  regain  their  furmcr  duUBctcr     Thcfr  i»  thtti  a 
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transitory  accumulation  of  fut  within  the  liver  cells,  but  the  vitality  of 
the  cells  is  not  impaired  tliereby. 

APPEARANCES.—!.  Microacopic— The  morbidly  fatty  liver 
is  one  which  constantly  contains  an  abnonnal  quantity  of  fat^  and  here 
also,  as  the  fat  is  usually  deposited  from  the  blood  in  the  portal 
capillaries,  the  increase  is  first  observable  in  the  external  w>ne  of  the 


FlC  lOu — J^atty  Livtr,  Showing  accumulation  of  fat  more  especinllf 
in  the  cells  of  the  external  zone  of  the  lobule.  There  is  oUo 
some  increase  in  ihr;  interlobular  connective  tissue  (cinhosis). 
V.  Hepatic  vein.    I.  Inierlotnilar  connective  tissue,     x  5a 

Tiepatic  lobules  (Fig.  10).  It  accumulates  here  within  the  cells  as 
minute  globules  wliich  increase,  coalesce,  and  fonu  large  dro}>s  of  fat. 
These  ultimately  distend  the  cells,  which  become  larger  and  more 
globular  (Fig.  8).  As  tlie  process  advances,  tlie  infiltration  spreads 
from  the  periphery  towarda  the  centre  of  the  lobule,  until  its  wJiole 
mass  ina}'  be  involved,  and  all  its  cells  distended  with  fat.  The 
vitality  of  the  cells  is  not  materially  im}>aired  by  the  infiltration,  as  is 
shown  by  the  presence  of  bile  in  the  stools  *ind  in  tlie  gall-bladder. 
In  some  exceptional  rases  the  accumulation  of  fat  is  most  marked 
around  the  intralobular  veins.     In  these  Virchow  suggests  that  the  fat  is 
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becoming  excreted,  and  that  only  the  last  cells  retain  a  little  of  it.  In 
extreme  cases,  such  as  sometimes  occur  in  persons  dying  of  cancer  or 
phthisis,  a  section  of  the  liver  may  look  exactly  like  ordinarj'  adipose 
ti&sue,  being  distinguishable  from  it  only  by  a  faint  appearance  of  a 
radiating  structure  iierc  and  tliere,  or  an  occasional  section  through  the 
portal  canal  and  its  contained  vessels. 

Naked  Eye. — The  fatty  liver  is  increased  in  size,  in  advanced 
stages  to  perha]>s  twice  the  normal.  The  surface  is  smooth,  the 
edges  are  thickened  and  rounded,  and  the  specific  gravity  is 
diminished  so  that  detached  portions  ma}'  float  in  water,  although 
the  absolute  weight  of  the  wliole  organ  may  be  increased.  If  the 
infiltration  be  slight,  involnng  merely  the  jKirtal  zone  of  the  lobules, 
the  cut  surface  will  present  a  mottled  appearance,  the  external  fatty 
lone  being  o|Mique  yellowish-white,  whilst  the  centre  is  unaltered  or  is 
hypertemic  and  appears  as  a  red  aytot  {Jaifj/  nutmeg-liver).  The  more 
extensive  the  infiltration  the  larger  is  the  pale  xonc,  and  ultimately, 
when  the  whole  lobule  is  involved,  there  is  left  in  the  centre  only  a 
reddish-brown  jKiint — marking  the  position  of  the  intralobular  vein  ;  in 
iiuiny  cases  even  this  point  is  lost.  Then  the  organ  is  of  an  almost 
unifonn  opaque  yellowish-white  colour,  and  the  boundary  between  the 
individual  lobules  may  be  completely  ol)scured.  In  exceptional  cases 
the  nccumulatinn  of  fat  is  much  more  abundant  in  some  portions  of  the 
jvcr  than  in  others,  so  that  on  section  yellowish  points  and  streaks  are 
*n  scattered  over  its  surface.  Tlie  consistence  of  the  organ  is  much 
minished,  it  feels  doughy,  and  pits  on  pressure  with  the  finger,  and 
le  knife  used  to  cut  it  becomes  coated  with  oil.  The  pressure 
tercised  by  the  infiltnited  fat  produces  considerable  ana>mia  of  the 
fan,  but  the  interference  with  the  circulation  is  never  sufficieni  to 
xr  ascite*^  htrmorrhage  or  (tther  ei'idences  oj'jwrtal  congestion. 


PATTY  METAMORPHOSIS. 

Thih  differs  from  fatty  infiltration,  inasmuch  as  the  fat  is  formed  not 
»ni  thr  fatty,  saccharine,  or  nitrogenous  principles  of  the  footl,  but  by 
rtMUorpluwis  of  the  protoplasm  of  the  cells  themselves.  There  is 
to  believe  that  cell-protoplasm,  as  it  becomes  cfTetc,  takes  up 
rgrn  and  splits  into  a  nitrogenous  mulecule,  which  is  the  first  stage 
ia  the    foniuition   of   urca^   and   a   non-nitrogenous   molecule    which 
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forms  ffit.     Tti  re|Nur  it«  loss  the  living  pmloiilnsin.  at   the  snnic  timr 
assimilates  material  it  lias  prcpjircd  fnnii  the  proteids  of  tlic   food.     In 
the  process  of  healthy  nutrition,  tlestruction  of  small  ijiiantities  of  pio- 
toplasm  and  corresponding  repair  are  constantly  going  on.   and   Hit 
products  of  the  decomposition  ot  effete  albumin  are  still  furtiier  oxidised. 
rendered  soluble,  and  tlien  at  once  removed.     Conaequentlvj  vrc  do  not 
find  in  healthy  cells  fat  /^nules  bearing?  witness   to   the  occurrrncenfl 
the  alxjve  descrilwd  decom]K>sition.     When,  however,  a  whole  cell 
many  cells  die  and  are  protected  from  ferments,  evidence  of 
metamorphosis  of  protoplasm  is  soon  forthcoming".     This  we  can 
in    various    physiological    processes — e.g.,  the    formation  of  colosti 
sebum,  auid  cerumen.      In  all  of  these    the    fatty  degeneration,   deal 
f'jtsting  olf  and  disintegration  of  superficial  cells,  and  the  cuivstAnt  ivru-j 
duction  of  new  ones  in  the  deeper  layers,  piny  a  chief  jmrt.      FAidctirrl 
of  the  siimc  proeeSvS  is  seen  in  the  fatty  degeneration   of  fhe    niu^ctdarj 
fibres  of  the  uterus  undergoing-  involution.      It   wa.^  fornierl}'  suppoordj 
that  tJie  tran*tformation  of  entire  bodies  whicJi  luve  lain   for 
weeks  or  months  in  water  or  damp  soil,  into  w/i/K«rrr— -(an 
and  lime  soap),  was  mi  illustration  of  the  same  process,  hut  this 
is  now  known  to  be  due  to  organisms. 

It  is  now  universally  recognised  that  the  fat  seen  in  the  umHniUr' 
fibres  in  fatty  metamorphosis  is  the  result  of  a  change  in  the  6hm 
themselves,  and  Is  not  derived  from  without.  The  experiments  of 
Voit  mid  Bauer  prove  lliis.  These  experiments  were  made  to  dc* 
terminc  the  source  of  tlic  fat  in  the  acute  fetty  degeneration 
duced  by  poisoning  with  phosphorus,  Ii«igs  were  starved  for  lwrh«1 
days,  so  that  all  available  fiit^  whether  in  the  tissues  or  in  the  foud, 
might  be  cidiansted.  At  this  |>eriotl  the  daily  excretion  of  nJti 
(urea)  averaged  eight  grammes.  Small  doses  of  phosphorus  were 
given.  The  average  daily  excretion  of  nitrt>gen  at  once  ro»e 
twenty-lour  grammes,  while  the  amount  of  oxygen  taken  up.  otid 
carljon  dioxide  given  ofl",  were  greatly  diminished.  The  animals 
tJirn  killed,  and  targe  quantities  of  fat  were  found  throughout  the  bodyi 
The  increase  in  the  excretion  of  urea  showed  that  the  destruction 
protcids  was  also  increased;  and  the  presence  of  the  largo  i|UiuUjtic* 
fat  found  at\er  death  made  it  highly  proliable  that  it  had  l>cen  foi 
as  p^irt  of  the  getieral  ppoteid  destruction.  In  other  words,  the 
phorus  produced  very  extensive  and  general  fatty  dcgcnemtioD, 
the  Jfjt  must  htnr  orUtn  Jhmi  tfn-  proUtpffixrii  tif  ihc  vrffs.  \'oil 
from  tlicsc  invebtigutions — 1st.  That  the  tr.'insfiirtii;«tion  of  eell-all 
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independent  v(  the  supply  ot'  oxygen,  hut  that  it'  oxygen  be  delii.*ienl, 
e  tat  and  other  pro<lucts  of  the  Iransfonnation,  being  incompletely 
oxidisedi  dccumulate  in  the  cell.  Slid.  That  the  presence  of  fat  in  the 
cells  may  thus  be  due  to  increased  transformation  of  the  albumin^  or  to 
diminished  oxidation  of  the  products  of  its  decomjwsition.  .'>rd.  Tlmt 
the  fatty  degeneration  in  poisoning  l)y  phosphorus  is  due  both  to  an 
increased  tranhformation  of  the  albumin  of  the  cells,  and  to  dimin- 
ishwl  oxidation  of  the  fat  and  otlier  products  of  the  transformation. 
Slolnikow  and  fJatilr  have  recently  published  exj>eriuients  which 
em  to  show,  jls  Cohnhcim  suggested,  that  fat  can  be  produced  by 
the  decomposition  of  lecithin,  the  phosphuretled  fat  of  the  nervous 
tein,  and  a  constituent  of  many  other  tissues.  According  to  these 
rvers,  glycero-phosphuric  acidj  stearic  acid,  and  choliu  are  formed 
ui  Uie  process. 


CAUSCS. — A  study  of  various  examples  of  fatty  metamorphosis 
renders  it  clear  that  the  occurrence  of  this  change  indicates  the  decay 
f  the  protoplasm  concerned ;  that  the  larger  the  proportion  of  the 
tl-albumin  replaced  by  fat  the  nearer  is  the  whole  cell  to  death  ;  and 
at  the  nearer  the  crll  is  to  death  the  more  impiired  will  be  its  power 
of  taking  up  oxygen  and  combining  it  with  effete  materials.  Conse- 
quently, we  may  give  tliecauseof  fatty  metamorphosis  as  ^rorc  <yr/>rrjrjiw* 
the  vital  activit If  o^  ix  cell — leading  to,  (1)  too  rapid  destruction  of 
topUsm,  (2)  lessened  ability  to  repair  loshes,  and,  (.'^)  impaired 
oxidising  power.  This  depressed  vitality  is  always  the  praiiniatc  rausTt 
and  Vi  usmdly  induced  by  [a)  alteration  in  the  (|uantity  and  quality  of 
the  food  brought  to  the  cell ;  or  (6)  by  change  in  the  ph}'sical  condition 
of  the  cell  ;  or  (r)  by  the  gradual  but  natural  death  of  the  cell — for 
Uierc  is  a  natural  limit  to  the  life  of  a  single  cell  as  there  is  tu  the  life 
the  whole  organism. 

a.  Thr  effect  of  diminishing  the  blood-supply  (/.r,  f<H)d  and  oxygen) 
lij  a  part  is  seen  in  the  fatly  degeneration  of  the  heart-walls  which 
followii  athertjinatous  changes  in  the  coronary  arteries,  as  well  as  in 
»n»  ill  which  the  lumen  uf  the  vessels  is  diminished  by  lardaeeous 
Kypliilitic  changes.  Working  organs  and  tissues  which  have  been 
g  fUsust*d,  and  to  which,  consequently,  the  bl<MKl-su])ply  »*>  diminished, 
undergu  fatty  changes  and  atrophy  until  they  become  so  small  that  the 
blcMjd-supply  is  sufficient  to  maintain  the  nutritive  equilil>rium. 
Impaired  circulation  in  a  part— e.^.,  mechanical  congestion — has  a 
effect.     I'att^   degciieratiiin  of  tJic  cells  ut  cancers  and  other 


VP- 


fbl. 


50 


FATTY  DKORNKRATION. 


rapidly  growing  tumours  an<]  of  inflnninuitory  exudations  is  often  due 
to  insufficient  blood-supply ;  but  the  cells  muy  be  naturnlly  Khctrt* 
lived,  and  in  inflnmnialion  the  cause  of  the  process  must  have  an 
injurious  action  upon  the  leutHjcytes  its  well  as  upon  tlie  fixed  celU. 
These  variations  in  the  tpuiniiftf  of  the  blood-sujiply  art  lortt/Iif 
(p.  59).  Alterations  in  the  tjualUtf  of  the  blood-supply  act  gmtraUtf, 
and  all  cells  are  thus  liable  to  be  affected.  Thus,  fatty  metamorpho&ift 
of  the  most  important  organs  may  result  from  various  forms  of 
nnieniia^  fnun  seur\'y,  and  from  the  addition  to  tlie  blood  of  a  protoplasmic 
poison,  like  phosphonis,  arsenic,  or  antimony.  Poisoning  by  GUfoon 
monoxide  has  n  similar  effect,  due  to  the  power  this  gas  poaaevao  of 
combining  with  oxygen  and  thus  preventing  the  oxygen  from  reaching 
the  tissues.  It  is  sometimes  maintained  that  the  presence  of  an  cxcen 
of  ciirbon  dioxide  is  a  more  important  factor  in  the  production  of  fatty 
changes  than  any  deficiency  in  the  supply  of  oxygen. 

/i.  The  action  of  fever  as  a  cause  oi  fatty  metamorphosis  dejx'nds 
portly  on  the  action  of  a  high  temperature  on  protoplasm ;  but  the 
causes  of  the  specific  fevers  and  other  circumstances  probably  gii*c 
rise  to  bliHxl-changes  which  act  in  the  same  direction.  A  high  rx- 
Icmal  temperature  tends  to  diminish  oxidation.     (See  "  Fever.") 

r.  When  the  limit  of  life  nf  a  cell  is  approached,  it  undergoes  fiiHy 
degeneration  :  thus  wc  aecount  Xitvscuile  fatty  niet«nu>r]>hosis  of  the  celK 
of  cartilage,  conica,  lx»nc  and  other  parts.  Under  this  heading  may 
be  included  the  fatty  degeneration  of  nerves  which  follows  interruption 
of  their  connection  with  their  corres(M>nding  cells.  Such  degencnitian 
seems  to  be  the  direct  result  of  the  loss  of  the  normal  physiulogieal 
stimulus  (Fig.  (I,  p.  Km). 


i 
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APPEARANCBS.  —  1 .  nficroftcopic.— The  process  consists  in 
the  trHusforniJition  <•('  thi-  pn'topUsm  of  cells  into  molecular  fat,  which 
app<<ars  as  minute  granides,  first  of  all  in  the  protoplasm  and  later  on 
in  the  nucleus.  The  gninulcs  -<'haracterised  by  their  small  sixe,  sharp 
iiintour,  strong  refractive  power,  staining  reaction  (black  with  osmic 
•icid),  insolubility  in  acetic  acid,  and  solubility  in  ether- — gradually 
increase  in  number,  till  the  whole  of  the  protoplasm  may  be  traus- 
fomied ;  some  of  them  may  coalesce,  and  form  distinct  dropa  of  &t. 
As  the  process  advances  the  cells  undergo  an  increase  in  sixr  and 
bewmirr  more  globular  in  shn)K-,  the  nucleus  becomes  involvetl,  the  «tI1- 
wall,  when  this  exisU,  is  destroyed,  and  the  cell  nuiy  thus  be  eonvettrd 
into  a  mass  of  fat-granules  klu^wn  as  a  gmnule-cell  (Kig.  il). 
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Fig.  \i.— Fatty  \lttamorphoiii  of  Crth. 
II.  From  a  cancer,  b.  From  the  bmin 
in  chronic  suflcning.  The  latter  show 
the  large  "  granulc-cclls."  and  also  the 
manner  in  which  these  become  dis- 
inlegmted.      x  lOQ. 


GraBole-cells  may  be  of  two  kinds:  (1)  dead  or  d^iiig  cells  con- 
rrrted  inlo  nwisscs  of  cohering  fat-granules,  or  (2),  living  leucocyUrs 
(gmmtUt'arricrs)  which  have  taken  up  fat-grantdes  from  a  focus  of 
degeneration — probably   to  convey 

them  into  the  lymplmticii  and  thus  * 

;ffert  nbi^irption.    Connective-tissue 
kiid    ueuroglia-cells    near    foci    of 
degeneration      similarly      become 
charged  witli  fat-granules.  Oranule- 
:11s   are   oflen    called   'Mnflanima- 
"  corpuscles  or  "  corpuscles  of 
5Iuge."     Among   typical  granule- 
cells,  formed  by  nietamorphosis  of 
epithelial   cells   or   leuwicytes,  are 
the  "colostrum"  corpuscles  of  the 
it   milk   secreted ;   but  later  on 
lie    process   becomes   one    o£  true   secretion,   and    the    resemblance 
:«iM^s. 

Ultunately  fatty  degeneration  may  affect  connective-tissue  fibres. 
In   old    foci    of   filtty  degeneration    sheaf-like    bundles   of  acicular 
cry*>tals   of  ninrgaric   acid   and   rhombic    crystals   of  cholcsterin   are 
found. 

It  is  said  that  in  fatty  metamorfihosis  the  percentjigc  of  fat  in  the 
lUC  is  but  little  increased,  though  this  is  disputed  by  Krelil ;  • 
iplKircntlj'  many  of  the  granules  are  formed  by  the  invisible  fat  which 
ni>nnallv  !)ound  up  with  protoplasm  as  it  were  in  an  *•  amalgam" 
!►)  (Bir'ch-Hirschfeld). 
2,  Naked  Eye* — In  advanced  stages  fatty  mctainoiijliosis  pro- 
luces  definite  nuked  eye  apj>ear«nces.  These  are  (I )  slight  or  UKKlenite 
I'elUng.  which  however  is  often  replaced  by  more  or  less  shrinking 
the  organ  when  absorjition  of  the  fat  is  going  (m^  as  in  advanced 
itc  atrojjhy  of  the  liver;  (2)  admixture  of  an  opcicpie  yellow  colour 
ith  the  nomud  tint  of  the  tissue,  often  in  the  form  of  |>atches,  s|«its, 
»tjcaks,  as  extreme  degrees  of  the  change  are  usually  reached  <Mily 
limited  areas ;  and  (3)  loss  of  elasticity  wiUi  diminished  consistence 
-the  ui^an  being  flabby  and  friable,  and  its  capsule  wrinkling  easily. 
^at  miiy  be  found  u|>on  the  knife,  and  the  normal  distinctness  of 
icture  (upon  section)  is  obscured. 


•  Krrhl.  DcytscA.  Ankivf,  kUn,  Afetl,  Bd,  11. 
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*rh*  microscope  is  nccessarj'  in  ihe  diagnosis  of  the  earlier  stjigr^ 
this  inetamorphosiH.  It  reveals  the  granular  and  somewhAt  swoUi 
fiUte  of  the  eells.  The  larger  size,  higher  refmctive  power,  iusoluUl 
in  aoetie  arid,  M»Iubility  in  ether  and  blnrkcninp  by  osmie 
distinjE^ish  the  fatty  iLjrnnulL-s  from  tht-  albuminons  ^uiulcs  of"  i.-lou( 
swelling/'  s(»on  to  be  described.  When  jwssible,  the  distinction 
fatty  inBttration  must  also  be  made.  Diflieulty  in  this  arises  wi\ 
regard  to  ronnective-tissue  cells,  liver  cells,  and  intestinal  epithrliui 
—in  which  lH>th  infiltration  or  melamoq)hosis  nm}'  occur  ;  |K'rh.tjiN  ah 
the  usiml  epithelium  may  contain  infiltrated  fat  when  this  is 
eliminated  after  severe  conltisions.  The  chief  point  of  differcDi 
betwceji  the  two  processes  is  the  size  of  the  droplcU,  which  are 
in  the  metamorphosis  but  run  readily  together  in  the  inHltmtiun. 
This  holds  gcMnl  a<t  a  rule,  but  infiltrated  fat  exists  in  small  drttplets 
first  and  becomes  finely  divided  Iwforc  nlisorption,  should  tliis 
on  the  other  hand,  large  dro|>s  may  form  in  fatty  n>etatnor|»ht>%i*i,  ai 
arc  characteristic  in  the  liver  in  acute  atrophy  and  pho«ij)honi*-poiMi 
ing,  and  in  renal  eiiitheliuni  when  the  metamorphosis  is  nt  all  jmIviuk 
Diagnosis  may.  therefore,  occasionally  be  impossible.  Evidence 
destruction  of  cells  is  conclusive  in  favour  of  metamoqihosis. 


TERMINATIONS.     I .  Absorption.  -The  fatty  particles  inl 

which  the  cells  have  been  transformed  are,  under  favourable  eii 
stances,  readily  alisorbed.  The  degenerative  process  may  erase 
tlie  fat  be  removed  before  tlie  jmrl  has  been  dangerously  involvei 
Such  recovery  probably  often  occurs,  for  example,  in  the  kidneyn 
heart.  Also  when  elements  are  completely  degenerated  the  fall 
debris  is  usually  removed  by  absorption.  'I'his  is  seen  in  the  fjUl 
degeneration  and  absorption  of  inflannnatory  pnKlucts,  such  as  ocrui 
in  croupous  pneumonia:  in  the  degcnenitiun  tuid  nbsoqitifm  of 
eells  of  new  growths  Iciuling  to  centml  "cupping"  or  *' undnUcatlon 
of  nodules  or  to  shrinking  of  the  whole  mass  (atrophic  scirrln 
in  the  degeneration  of  small  areas  such  as  results  from  <  :i 
IhromlxKiis,  ur  haemorrhage  in  the  brain  or  otlier  organ.  As  Uie  rtsul 
of  such  al>sorj>tion  we  may  have  left  a  meshwork  of  vessels 
eonneetive-tift8ue  whence  the  essential  cells  have  disap[>eared*  ma 
the  later  (red)  stage  of  acute  yellow  atrophy;  or  we  may  have 
onlinury  sear,  from  the  development  of  fibnnis  tissue ;  or,  lastly,  m 
of  clear  fluid  may  remain.  For  alisorption  to  occur,  the  tissues  rouDi 
the  degenerated  eells  uuiht  be  freely  hupplied  with  t)hK>d 


rvrrv  Mr/rAMoitiMiosis-TKHMisATioNS.         :.» 

Caseation*      In  tin**  hkkU'  i»t'  tt-nuinatutn  llu-  fatty  pro<ln<ts  -ire 
>t    abMirbcd,   but    art-    ^nulually   i-i>nvertcd    into   a  )fUouisli   friable 
itrrinl,   which  has  been  wunpaivtl  to  soft   c-hfesc.     It  is  generally 
to  result  from  dispn»p*)rtion  between  the  degenerated  mass  and 
vessels  by  which   ab&or|)tion    might    be   effected — a  disproportion 
which    is,  in   tlie   first   instance,  the  princijwl   cause  of  the  degcncra- 
ion,      It  it»  most  fret|nent,  therefore,  in  parts  which   contain   but  few 
?U,  or  in  which  the  ve&scls  become  oblitrrated  by  pressure  from 
itlmut  or  by  thickening  of  llieir  walls  by  endarteritis.     Caseation  is, 
HLst't|ucntIy,  most    ot\en    met   with   in    tubercular   and   gummatous 
iH*ie%  and  in  mpidly  growing  (*anrcrs  and  sarcomata. 
C"h«*c*y  masse*  arc  constantly  met  with  in  the  lymphatic  glands,  tlie 
in,  the  bone**,  and  especially  in  the  lungs.     Considerable  confusion 
b  arisen  as  to  their  nature  and  origin.      Fonncrly  all   cheesy  masses 
•re  ri'gardetl  as  essentially  tulnTcular,  mid  it  is  true   that  tubercular 
Uons  have  a  greater  tendency  than  any  others  to  caseate  fully,  and 
form  ttffiiatf  cheesy  collections  (.see  ■' Tuberculosis  ").     Hut,  as  just 
lied,  other  formations  may  undergo  a  ch;inge  which  is  practically  indis- 
nguishable ;  so  caseation  cannot  lie  regarded  as  proving  more  than 
le  occurrence  of  fatty  degeneration.      A   caseous    mass  is   tubercular 
ily  when  it  is  due  to  the  presence  of  the  bacillus  tuberculosis.     Still 
is  draditful   if  fatty   degeneration   of  a   gumma   or   of   a    rapidly 
iwiog  tumour  ever  gives  rise   to  a   typical   "  caseous "    mass  such 
oflen  find  as  the  result  of  tubercular  inflammation,  and  it  luis 
•t  lu  be  shown  that  caseation   can  occur  apart  &om  the   action  of 
»tue  iiucro-organisin. 

'Ilic  process   consists  in   a   gradual  dr)'ing  up  of  tlie  degenerated 

lements;    the  fluids    are   absorbed,    the   cells  -which    arc    many  of 

ine<»mplelely     degenerated — shrivel     and      atrophy,     the      fat 

idrrgtici  jmrtial  s;i})onification,   chole!»terin  fonns,  and  the  tissue  tims 

comes    converted    into    a    stjfl,   y el lowiikh- white    cheesy   substance, 

mpu*(rd  of  atrophied  cells,  fatty    debris,   and   choleMerin  crystals, 

ii«    cheesy    material    may    gradually   dry    up  more   and    more,   and 

Itimately  beetjme  encapsuled  by  a  layer  of  fibrous  tissue,  and   even 

IctlSrd.     In  other  case*  it  may  undergo  jt  pn>cess  of  softcrung  and 

|uefacti(*n. 

S,  CalcificatioxL — ThLs   is   an   advanced   stage  of   the  preceding 

It  most  frequently  occurs  when  the  caseous  mass  i^  eoni- 

•Ij*  Umt  off  from  tlie  external  air,  as  in  lymphatic  glands  and  bone, 

when  cncapsuled  in  the  lungs.     Tlie  mass  becomes  infiltrated  with 
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calcnref)iis  jwirtiHeSj  anil  is  thus  ci'nverted  into  a  ealcareuua 
Single  cells  in  a  fatty  focus  may  undergo  this  infiltration — r.g., 
cells  in  an  area  of  cerebral  softening. 

l.  Softenin^r- — An  inHamnuton'  cell-exudation,  usuiilly  of  tul 
cnlur  ori;;in.  may  untlergo  fatty  nietnnioqihosis,  and.  ns  its  cells  brr&k 
up  into  granules,  sufHcient  fluid  is  often  effused  to  form  a  thin  purtfonn 
liquid,  usually  containing  cunl-like  chec'fy  masses  ;  thi**  lookii  like  |iuv 
but  really  consists  of  granules  fat  drops,  and  perhaps  cholcsterin 
crj-stals  sus|H*nde(l  in  fluid  ("  ]>athological  milk ").  'lliis  i«  the 
(lathology  of  chronlc  abscess  of  tubercular  origin.  If  not  di»- 
eharged,  the  fluid  may  l>e  absorbed,  leaving  a  caseous  mass,  which  majr 
calcify. 

Sometimes,  afler  long  quiescrnce,  caseous  and  even  calcified  maitet 
appear  to  excite  sufficient  irritation  to  result  in  the  formation  of  an 
abscess  and  in  the  discharge  of  the  mass.  The  nature  of  the  &nh 
irritant  is  unknown. 

The  effect  of  fatty  metamorphosis  is  to  impair  or  arrest  functioo. 
Hccovcr)'  is  only  jiosslble  in  the  earlier  stages. 


Fatty  De|;eneration  of  Blood-vesselB. 

Primary  fatty  degeneration  of  blood-vessels  is  in  raost  cases  a 
senile  cluuige  ;  it  is  an  expression  of  that  general  impaimirnt  of 
vitality  which  exists  in  advanced  life,  and  is  usually  associated 
with  similar  changes  in  other  parts.  There  is,  however,  a  variety 
limited  to  the  lining  membrane  of  the  largest  arteries  :  this  is  often 
met  with  in  early  life  and  in  i>ersons  who  are  «ithen»isc  |»crfecUy 
healthy. 

Fatty  DeEeneration  of  Arteries. — This  may  be  primary  or 
secondary  to  atheroma  or  other  inflammatory  condition  of  the  veaaiK 
llic  fatty  cliangc  being  preceded  by  cell-infiltration  of  the  sub-cndotbe- 
lial  connective-tissue.     (See  "Atheroma.") 

Primary  fatty  degeneration  is  not  preceded  by  ojiy  disease  of  the 
|iartN  tttl'efted  by  it.  It  may  effect  ajiy  or  all  of  the  coats  of  the  artcrr, 
but  is  most  commonly  met  with  in  the  iniimn.  The  change  usualiy 
commences  in  the  endothelium  and  the  sul>-cjidothcli«l  connective- 
tissue  cells,  small  groups  of  cells  becoming  affected  in  various  parts  of 
the  vessel ;  and  it  nuiy  gradually  extend  from  within  outwards,  the 
interrellular  sulistanee  soAening,  until,  in  exceptional  cases  the  whole 
thickness  of  tlic  intinia  b  destroyed  (Fig.  12). 


FATTY  DFXJENRRATION  OF  BLOOI)-^TJ^SKI.S. 

In  the  earlirr  stages  this  coiiililiou  is  reco^iised  by  the  e\istencc 

siiuill^  irregular,    of>uque,  yellowish-white  patches,  projecliug  very 

lightly  flbove  the  surface  (»f  the  intixna.     These,  which  are  so  con- 

itly  met  with  on  the  lining  membrane  of  the  norta,  may  at  first  be 

niiKt;ikrn    for  atheroma.     They  are   in   most   cases,    however,    readily 

lifitiiiguishabU*  by  their  superficiality,  and  by  the  facility  with  which 

iey  cAn  be  stripped  <iff  from  tlie  subjacent  layers,  which  present  a 

appearance.     In  atheroma,  on   the  other  hand — which  affects 

Ier|>er  structures — if  the  8uj>oi*ficial  layer  lie  removed,  the  ojwicity 

id  lliickening  are  seen  to  exist  beneath  it.     In  many  cases  the  change 

limited  entirely  to  the  itmem»ost  layers  of  the   vessel.     The  more 


FiC.  12. — Fat4jr  Degemeration  of  thr  intfrnat  Coat  of  the  Aorta,  Small 
yellowish- white  pa(chi*s  were  scattered  owr  the  lining  membrane  of 
ihc  vessel.  A  very  thin  layer  was  peeled  off.  The  groups  of  fat 
molecules,  and  the  distribution  of  fat  in  thr  iniima  arc  shown.  •/.  aoo. 


KubJAcent  tissues  are  invulved*  the  greater  is  the  irregularity  in 
shape  of  the  patches,  and  the  less  readily  can  they  be  separated 
[LJi  the  forceps. 

The  opaque  |>atcheft  occasionally  break  down.      For  this  to  hap{>en 

the   ceIN  must  beconte  destroyed  by  the  fatty  ch^uige,  and  the  inter- 

llular  fiubstiince  softened.     The  granular  debris  tlius  fonned  is  carried 

ray  by  the  circulation,   leaving  small,  irregular,  tiuperficial  erosions 

tlie  lining  membrane  of  the  vessel.     These  erosions  are  tiot  utwrx 

the  Inie  "ieube  of  that  term,  not  being  the  result  o{  an  inflamtnatory 

procesAv     They  resemble  the  superficial  erosions  so  common  upon  the 

icons  mr-mbrane  of  the  stomach. 

|>>implr  fatty  degeneration  may  occur  in  any  artery,  but  in  the  smaller 

it  i%  e*pectally  liable  to  affect  the  external  coat  (Fig.  13),  and  in 

situation    its    injuriouH    itiflucnce    is   most   marked.       Here,   by 

djil^ing    the    elasticity  and    contractility  of  the   vessels,  it   causes 

rnemtivc  changes  in  the  parts  which  they  supply,  and  often  leads 


oCi  FAITV  DKCJKNKUATION. 

to  nipture.  Tliis  i&  exemplilied  by  nuuiy  canrs  vf  chruuEc  ccrcbnU 
soflening  and  cerebral  hteinorrhagt*,  although  in  surh  intttancc^  •thcr»- 
matous  are  generally  associated  with  the  siiuple  fatty  chiuiges.  In  the 
larger  arteries,  as  the  aorta — where  It  is  exceedingly  common — It  is  of 
less  importaiice  :  the  more  extensive  process,  atheroma,  has  a  far 
deleterious  effect. 

Fatty  Degeneration  of  Capillaries. — Fatty  changes  are 
i(miul  in  the  onpillarieK.  espiH'ialiy  in    the    nervouH  centres  and 


^^ 


Fli).  13. — fatty  De^rnrratiom.  of  tmaii  I'fUfh  vf  Pia  UfaUr,  From  a 
cftse  <A  clironic  Briglit's  disease,  a,  A  sm.ol)  artery,  ibc  caiu  of 
whidi  are  soRM-whitt  ihickennL  K  A  rapiUary,  in  which  an  aeen 
a  few  rcU  blood  •corpuscles,      x  40a 

klilncvH — in  Bright's  diftease  (Fig.  IS,  A.).     The  process  commences  in 
the  endothelial  cclU,  and  may  involve  considerable  areas  of  the  capillary 

wall,  M>  that  rupture  is  of^en  the   ultimate  result.     ThiH  i^ n  in 

the  Mnnllest  ecrebrnl  bWd-vessels,  where  it  is  soraetimt  c  of 

cerebral  (capillary)  htpmorrhage. 


Fatty  Degeneration  of  Mnade. 

Both  striated  ami  non-strinted  muscle  may  be  the  seat  of  fatty 
degeneration.  In  b<»th,  the  muscular  fibre-cells  are  the  seat  of  the 
change ;  they  become  filled  with  fat  granules  and  are  ultimately 
destroyed  :  the  process  thus  differs  essentially  from  fatty  infiltmtloii 
(p.  43). 

Non-atriated  mnade.-  Fatty  metamorphoM*»  is  freijucntly  incH 
with  in  the  utiddle  ixKit  of  arteries  undergoing  fatty  degcucraUon,  ami 
in  the  muscular  fibres  of  a  uterus  in  process  of  Involution. 

Striated  mnscle. — Both  the  voluntary  muscles  and  the  walls  uf 
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the  hi-Jirt  bhciw  identical  cliaii^cs.  TUv  earliest  bta^e  of  the  affectunk 
is  chArnctcriscd  by  tui  iiidistinctnfss  in  the  transverse  markin^^s  of  the 
fibrils,  whifh  in  many  jwrts  become  studded  with  minute  jwrticles  of 
fat  (Fig.  It).  These  ^fradually  increase  in  nund)cr  and  size,  but 
aliuoiit  idwuyii  remain  small^  and  are  usually  distributed  somewhat 
irrcgidarly  within  the  sareolenmm.  In  some  parts  single  or  parallel 
rows  of  i^ranuJes  are  found  running  alonp  the  length  of  the  fibre  ;  in 

'Mrs    they   are   f^;rouped   around    the    iniclei,    which    they   seem   to 

i  ilien,  nr  arranged  in  transverse  lines  correspond- 
inj5  with  t)»e  striie  of  the  muscle.  The  fibres  l>cconie 
extrenirly  friable,  uiid  are  readily  bnjken  up  into 
short  fni^nents,  As  the  process  advances  Ihe  tnnis- 
\cr>e  markjnj^  entirely  disappear^  and  nothinp;  but 
molecular  fat  and  oil  globules  are  seen  within  the 
sATTolenima.  It  has  recently  been  affirmed  that  in 
*rtMnr  eases  the  striiition  is  merely  obscured  by  the  fat 
dro|>lels,  and  that  these  are  in  the  early  stages  eon- 
fined  to  the  interfibrillary  sureoplasm.  The  sarco- 
Icmiiia  itself  may  ultimately  l>e  destroyed,  and  nothing 
rrauiixi  of  tJie  original  tibre  but  the  fatty  debris  into 
whirh  its  albuminous  constituents  have  been  converted 
**  fatty  degenenitiun  "  of  muscle. 
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Fatty  Degeneration  of  the  Heart. 

It  ts  in  the  heart  that  fatty  degeneration  of  muscle  is  most  frequently 
met  ^vith,  and  here  it  assumes  a  most  important  aspect  from  the 
delctrrifMis  influence  which  it  exercises  upon  the  motor  jM>wer  of  the 
organ.  The  degeneration  may  be  dlfftijic  or  circmuxcrif>cd ;  acute  or 
chronic.  Tlu-  wider  the  extent  of  tissue  that  is  Hffected,  the  less 
advanced,  as  «  t\\\e,  is  the  degree  of  the  degeneration.  It  is  in  those 
ill  which  small  tracts  of  tissue  only  are  involved  that  the  process 
met  with  in  its  most  advanced  stage. 

Wlten  the  change  is  slight  as  in  the  diffuse  form,  the  muscle  is 
icvhitt  sorter  and  mure  Habby  fhfin  natural ;  it  is  mon*  friable,  and 
m  breaks  with  a  soft  granular  fracture:  and  its  coh»ur  is  rather 
pdrr  And  more  opmpie  thjin  that  of  healthy  cardiac  tissue.  The 
micTcncape  %hows  the  muscular  fibres  to  have  lost  to  some  extent  their 
ition,  and  to  contain  granules  nf  fat  (Fig.  \5,  a). 
The  diffu^  form  of  degeneration  is  caused  by  defects  in  the  qualUy 
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or  ill  the*  amount  of  the  blood  which  is  supplied  to  the  heart  watU. 
Thus  it  may  be  due  to: — 1.  Diseases  in  which  the  aridation  ^mxmn 
air  rw/ufW  to  a  minimum.  This  will  be  the  case  in  diseases  which  MXt^ 
attended  by  marked  anti'min,  whether  gradually  or  rapidly  induced: 
such  are  amemia  from  repejitcd  or  excessive  bleedings  pcmidCMUi 
anaemia,  advanced  leuka^nun,  malignant  and  other  eachrxiw.  TIm 
accompanying  drawing  (Fig.  15)  was  taken  from  the  case  of  a  weakly 
young   girl   who   was    under   my   care   suffering  from   sllgbt  valvuUr 


Tov.. 


■*i  „ 


t/- 


FlC.  15.— .•fm/r  Fatty  Dtgtntratim  of  Heart  and  «f  other  muscln. 
a.  Heart.  K  R<rctu^  atKlominis.  llie  wholcr  of  the  heart 'Umuc  was 
nHV^rd.  and  also  thr  muscirs  in  otlirr  p;\rts  of  the  body.      %  400. 


disease.  She  tjuickly  succumbed  with  acute  fatty  degeneration  uf  the 
hcjirt  atid  other  muscles,  induced  by  a  profUse  loss  of  blood  during  a 
menstruid  |K*riod  and  by  inabiJily  to  retain  ftHxl.*  (See  *'  Pernicious 
Aiuctnia.")  '-■i.  ('rriain  poifont,  especially  ]>hosphorus  and  Arsenic, 
have  a  similar  effect.  In  this  group  must  he  included  poiftODi 
developed  in  the  IkhIv  in  the  course  of  acute  infective  disease*, 
especially  diphtheria,  in  which  n  bonicwhnt  high  degree  of  degeneratioo 
niJiy  Ik*  attained  and  he  the  cause  of  sudden  death.  5.  Intrrfhrmt 
H'tth  thr  circulation  In  the  coronary  aricritt  is  also  a  frequent  rau&c  of  a 

*  Trams.  Ciim,  Soc.  Lond.^  vol  viii.     1875. 
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niorr  or  Jess  literal  degeneration  of  the  musculAr  tis<>ue.  Tliis  occurs 
espeoinlly  in  connection  with  aortic  incompetence,  and  explains  the 
early  failure  of  cardiac  power  in  this  form  of  valvular  disease.  Athero- 
matous changes  at  the  orifices  of  these  arteries  lead  in  the  same  way  to 
«li(fuse  fatty  degeneration.  Adhesive  pericarditis  and  myocarditis  act 
similarly  ;  tiiey  hamper  the  heart  meclmnically,  and  the  cause  of  the 
inflainnuition  acts  injuriously  on  the  muscle-cells. 
^^K  There  is  no  clear  line  dividing  the  circumscribed  from  tlie  diffuse 
^^Brm.  Sometimes  the  degeneration,  altliuugh  perhaps  more  or  less 
^^■ptneral.  is  much  more  advanced  in  some  parts  than  in  oUiers.  In  such 
^^E»Kes  the  heart  pretients  a  mottled  apjx'amnce ;  opaque,  pale  yellowisli 
^|br  bnmnish  patches  are  seen  irregularly  distrihuted  throughout  its 
sulwtanee.  These  patches,  which  varj*  C(msiderahly  in  size  and  fonn, 
are  met  witli  especially  in  the  papillary  muscles^  the  columna*  carnea', 
•nd  in  the  layers  of  fibres  immediately  beneath  the  endocardium. 
They  may  also  occur  beneath  the  pericartJium,  and  in  the  deeper 
|x)rtions  of  the  organ.  They  correspond  with  the  most  degenerated 
portions  of  the  tissue.  They  are  soft  and  flabby,  and  have  a  rotten 
consistence,  tearing  readily  under  the  finger.  Under  the  microscope, 
the  libres  are  seen  to  be  in  aii  advanced  stage  of  fatty  degeneration, 
the  sareolemmata  containing  molecules  of  fat  and  oil  globules,  which  in 
many  parts  have  escaped  and  lie  free  amongst  the  surrounding  but  less 
drgenerated  tissues  (Fig.  1-I-,  A).  These  more  localised  degenerations 
are  most  common  in  old  people,  and  usually  result  from  considerable 
disease  of  many  of  the  small  brancbes  of  the  coronary  blood-vessels, 
and  not  from  conditions  of  general  anaemia.  The  peripheral  layers  of 
muscular  tissue  also  frequently  undergo  extensive  fatty  degeneration 
the  rttsult  of  pericarditis.  The  connection  l>etwcen  these  localised 
Derations  and  the  occurrence  of  nipture  or  of  aneurysm  of  the 
eart  i^  well  known. 

Brows   Atrophy    of    the  Heart. — Somewhat    allied    to,   end 

neoukmally  associated  with,  fatty  degeneration  of  the  heart,  is  the 

Hon    known   as    brown    ntrophy.      This    consists    in    a    gradual 

hy  of  the  muscular  fibres,  together  with  the  formation  of  granules 

browni-«h-yel1ow  or  blackish  pigment.     I'hcse  granules  of  pigment, 

hieJi   arc   probably   the  colouring   matter  of  the  muscle,   are    eitlier 

prd  in  clusters  around  the  nuclei,  ur  more  generally  distributed 

thin  the  fibre.     The  fibres  are  frequently,  at  tlie  same  time.  tJie  seat 

of  more    or  less  fatty  degeneration  (Fig.    !(>).      This  change  usually 

tkccun  M  ■  senile  onCi  or  as  a  part  of  general  marasmus  from  other 
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ojidses,  It  Is  iilsn  met  with  in  bomc  cti&vn  of  onrclmc*  liy|M*rtmpliT. 
Its  rrcognition  is  it)  must  vtisc  iinpos&ible  witliuut 
the  aid  of  the  microscope. 

Fatty  Degeneration  of  the  Kidneys* 

fitfUWjiy.  .^  Fatty  tle(iC'iieration  of  the  kidneys  fremiriillv  ocrim 

™-iI«Ktf5  n^  ],  rt-sult  of  iMHiuiHimtion  uf  these-   or^iiK.     Thi» 

aecondary  degeneration  will  br  alludnl    to   whrii 
treating  ni'  renal  iiiHamniations.     Primary  ffttty  tHe- 
^rtieratioii  is  iiineh  hss  rrrqitriil.      It  iinist  Ix*  lumr 
in   niitid   that   tin*    n-iwil   epit helium   ven*  <-*>niiiiuiily 
eont^tiiis  more  or  le.s.s  fat;  liut  it  is  only  when  ihw: 
is  excessive  that  it  cui  1m-  re^nnled  ms   a  clist««4| 
condition.     This   exerssive   fonnatiou  of   fat   in   the] 
kidney  is  less  common  than  is  generally  Mip|»w<tLj 
It    is,    however,  occasionally    met    with    in    rhi 
diseases,    especially    in    pulmonarj'    phthisi*.      It 
also  a  result  of  poisniiing  by  phosphnms. 
In  hiniple  fatty  degencrutitm,  the  change  is  usually  confined  to  the' 
epithelium  of  the  cortex.     The  cortex  presents  on  section  a  Humcwhat 
yrllowish-white  surfacCi  often  slightly  mottled,  and  this,  iu  nsobt 
is  most  marked  near  the  bases  of  the  pyramids.     There  is  no  adhesion 
of  the  capsule  or  granulation  of  the  surface.     Microscopically  only  tiir 
nuclei  of  the  vessels  and  of  the  connective-tissue  stain   well, 
change  appears  to  interfere  but  little,  if  at  all,  with  the  fimetionsnf  tlw' 
organs,  and  in  this  respect  it   resembles  the  analogous  change  in  ihv\ 
liver.     It  is  not  UHually  acconi|Minied  by  albuminuria. 


Fig.  16. — fircwn 
Afrafky  vf  th^* 
Heart.  Show- 
in^:  lUf  gnuuilM 
of  [ugiiKMU  and 
Itir  n trophy  of 
\\\ft  fibres.  Ihf 
l.-uuT  hnw  in 
some  pans  un- 
drrgonc  slight 
fatty  mt^iatnor. 
pbflsii.      X  400, 


Cerebral  Softening. 

This  is,  |K*rlmps,  the  most  suitable  iihuc  to  speak  of  cerebral  s<.tftcD-j 
ing,  inasmuch  aa  fatty  degeneration  of  the  brain-tissue  usually 
utilutrs  a  proniincnt  feature  in  the  histological  changes,     .'^oftrning 
thr  cerebral  sul»stance  is  essentially  a  nrcrotic  procewi  and  may 
from  any  condition  interfering  with   bImMl-supply — vix.,  tnHammalii: 
emlw>lism^    thr«mibc»sis    of   arteries    or,    nuich    more    rarely,    of    veins 
Portions  of  tJn?  brain  which  are  the  seat  of  this  change  may  br  mcTtJj 
rather  softer  than  the  sumMMidiiig  healthy  tissue,  breaking  down  mo 
readily  under  a  stream  of  water  which  is  allowrtl  to  fall  u|H>n  thi-m 
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they  may  Im*  completely  diffluent  They  are  never  distinctly  cir- 
cumscribed,  but  pass  by  insensible  gradations  into  the  neighbouring 
ti&siitr. 

L'tuirr  the  micro&copej  the  change  is  seen  to  consist  in  h  disintegra- 
tion of  Uie  nen'e-Ussue.  Tlu'  fibres  suffer  earliest :  their  wliite 
^^tobfttAnce  first  coagulates,  iind  then  breaks  up  into  musses  of  various 
^^w*«>,  giving  the  reactions  of  fat:  thenc  give  place  to  masses  of  fine 
^^Bt-graniilrv  The*;e  gnuuiles  are  fur  the  nios^  part  the  products  of 
^Bc*  degeneration  uf  the  myelin,  aiul  are  due  to  the  deconi]}o^ilion 
of  tecttiun,  vrliich  is  its  principal  constituent. 

Next,  when  the  grey  matter  is  implicated,  the  large   nerve-cells  are 

involved  in  the  ni-erolir  stagi*,  hut  though  full  of  granules  their  outline 

may  h»ng  remain  visible.      Lastly,  the  neumglia-cells  and  those  of  the 

sniidl  bhxxlvesselh  degenemtc  similarly,  and  the  tissue  is  thus  converted 

Intti  broken-ilowu  fibres,  grauuUir  mutter,  and  molecidar  fat,  amongst 

which    :ire    many   granule-cells    (p.   ."il).     'J'hese    eoqiuscles   are  more 

MMim  in  Cfrebnil  softening  (Kig.  17)  than  in  imy  i)thrr  condition  ; 

form  vcrj'  uharactcrislic  objects:  they  vary  from  jj^  to  ij-^^^  inch 

n    ilianu-ter,   and    thr    grannies    they    contain    are    |»os.sibly    myelin 

but     iiauaIIv    fat.       Many    nre    ftmned    by    drgcneration  of  ganglion- 

nnd    neunjglia-cells,  but    many — perijaps    most — are    leucocytes 

ch  have   taken  up  granules,      Lltimately  all   trace  of  stnicturc  is 


The  «fclour  <»f  the  s«>ftened  portion  varies  considerably,  chiefly  with 
atnount  of  blo*Hl,  in  the  vessels,  or  extravasated  into  the  tissues. 
■BAj  m«rnible  that  of  tlie  summnding  healthy  tissue,  or  be  of  a 
lonrixh    nr  re-ddish    tint.      According    to   these   variations    in    colour, 
'brki  Mif^eiiings  liavr  been  fULssificd  into  white,  yellow,  and  red. 
bcrwcvcr.  a  yellow  w»ftening  may  l>e  but  a  later  stage  of  red.  and 
'ifhilc  may  be  succeeded  by  red  due  to  hwmorrhagt-  int<»  the  area, 
■jltid  again  ns  wiftcnings  of  infiammalory  and  of  simple    degenerative 
;in  niAV  he  to  the  naked  eye  indistinguishable,  this  elassiii cation  has 
[\f  pmcljcrtl  or  scientific  value. 

White  Softening  is  sometimes  acute,  and  is  then  due  to  endio- 
b-^m  of  one  of  the  larger  arteries,  and  which  usually  sotm  causes 
ill.  h*Hr  more  counnonly  it  is  chronic,  occurring  especially  in  the 
It  H  then  due  to  gradual  narrowing  of  the  arteries  by  chronic 
lti«  (atJirmma),  often  combined  with  senile  impairment  of  the 
•,  «s  a  subsidiarj'  cause  of  the  imperfect  bUnid-supply. 
Nafniwiug  of  the  arteries  from  syphilitic  endnrteritis  will  act  sbniiarlv 
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in  earlier  life.     The  process  is  really  one  of  simple  necrosib — sudden  or 

gradual :  when  it  is  gradual  there  is  no  reason  for  ha-morrhogr,  and 

even  when  it  is  sudden^  ha^morrliage  is  oltai 

absent,  for  infarction  is  rare  after  embolism  of  j 

the  brain.     When  the  blood-supply  is  suddenly 

cut  off  it  might   be  expected  tliat  coAguIabvr 

necrosis  (p.  22)  would  occur:  but  il  never  dooi 

The  area  is  soRened  and  tmtinged   by  blood 

involved ;    and  presents    either  n    <lirty   white 

colour,  or  IihjUs  exactly  like  the  brjiin  aroaml 

it.    This  affected  area  may  be  merely  wjt\enedor 

Fig.   j;.— cAamk    iVkUt    quite  diffluent ;  it  may  result  in  a  cyst  of  dctf 

S«ftmitig  vf  Ike  Braim.     fluid  trUhont  anif  hlood  pifsmrtU  in  Us  *t\Ui,  or  in  • 

Granular  corpuscUs.     j^.^r_the  latter  appearing  at  fin.t  «a  a  mob- 

broken-down  ncrve-filjrcs,  ,        .  \.      .  .  .  ^  *.      «      »« 

and  fai-granules.   of     work,   the    sjiaees  of  wluch  are   full    of  inUky] 

which  the  softened  sub-    fluid.      Before  the  circulation   has   ceased  m 

the  death  of  all  the  elements  in  an  aroi  off 
white  softening  is  complete,  a  fattily  degene- 
rated vessel  may  burst  into  the  area  and  trma^ 
form  it  into  one  of  red  softening, 
i.^  commonly  dependent  u^kmi  vascular 
stmt'tioii,  eithtr  frum  embolism  or  thruml)osis.  There  w  collalcni 
hy}>eni'mia,  nipture  of  capillaries,  and  extravasaticni  of  blood ;  tile 
S4»tlened  tissue  usually  exhibits  red  points  and  jmtehes  mingled  witil 
while  and  yellow  ;  the  jMtch  is  swollen  in  proportion  to  the  hunuorrhajce 
and  atlema,  and  is  nirely  diflluent.  Red  softening  is  most  cummim 
the  vnsculiir  grey  matter  of  the  cortex  and  of  the  tmsal  ganglU.  Bi 
softening  is  alfto  sometimes  associated  with  the  ehnmie  white  variety. 
It  muv  1h*  inrtitnitiutton'. 

Yellow  Softening  is  a  later  Ktage  of  red  softening,  and, 
it,  is  usually  situate  in  the  grey  matter — chiefly  of  the  cunroln-j 
tions.  The  colour  is  due  to  the  presence  of  altered  blood  pignient,  the^ 
result  of  the  previous  extravasation.  The  pigment  may  be  seen  as^ 
fine  dark  granules  «nd  ha-inatoidin  crystals,  scattered  thr«)ugh  the  eelU| 
of  the  neuroglia  and  the  nerve-oells  of  ll»e  grey  matter ;  at  first  Ki| 
iJie  granules  look  like  fatty  particles^  but  are  distinguished  by  tlii 
dark  black  colour.  White  and  yellow  softening  may  remain  uiichi 
for  long  periods. 


stance  ik  compobcd.  The 
one  or  twQ  nucleated  cells 
arc  probably  ncrve<cclls. 

Red    Softeuing 
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CHAPTER  IV. 

Cl«OUI>Y  SVrELUNG  (ParenchymatoaB  or  Grannlar 
Degeneration,  AlbTuninons  Infiltration). 

C'cornv  swelling  is  a  frequent  change,  being  found  in  all  diseases 
■Itcndetl  by  conhidemhle  pyrexiu.  Wic^khain  I*t*gg  ant)  Licbenneister, 
hiiving  producfd  it  by  subjecting  animals  to  a  high  external  tempera- 
■,  regarded  the  change  as  due  dimply  to  the  fever,  which,  in  their 
ioioii,  eauived  increased  destruction  of  albumin.  Increased  destnic- 
of  tissue  inay,  however,  itself  prwiuce  the  elevation  of  tempera- 
:  moreover,  the  change  is  not  most  marked  in  long-eontiimed 
veoiitdar)'  fevers,  but  in  the  relatively  short  primary  fevers  of  the 
ACtile  ii|K'cific  diseases.  Further,  tlie  degeneration  is  specially  pro- 
iccd  in  bad  cases  of  diphtheria,  in  which  disease  the  temperature 
odm  low.  All  this  le^ds  t(»  the  belief  that  mere  fever  is  an  in- 
icient  cause.  A  more  prob;ible  explanation  is  that  tlie  infective 
irial  in  the  blood — the  Ciuise  of  the  fever — has  a  more  or  less 
rletfrious  action  on  the  tissues.  This  is  supported  by  the  observation 
it  clotidy  swelling  is  the  first  change  noticeable  in  poisoning  by  phos- 
lorus*  an>enir»  and  the  mineral  acicU,  all  of  which  lead  ultimately  to 
fatty  degenenition  i»f  protoplaNin.  AgHln,  cloudy  swelling  Is  found  in 
iflnmed  ftarts,  and  we  shall  see,  when  considering  inHnmmation,  that 
is  always  due  to  the  action  of  an  irritant,  which,  if  it  were  of  sufficient 
itciisitj.  would  produce  death  of  the  tissue.  It  would  appear,  therc- 
ire,  llukl  cloudy  swelling  is  due  to  the  action  u]K)n  the  tissues  of  some 
which  tatdt  to  cause  their  death  ;  elevation  of  the  temperature 
protoplasm  aliovc  the  normal  would  undoubtedly  assist  its  action. 
In  considering  the  histology'  of  this  change,  we  shall  find  that 
lviLiice<]  cloudy  swelling  jwsses  insensibly  into  fatty  metamorphosis  :  it 
therefore,  to  be  regarded  as  thc^first  xiep  totntrd*  fatty  metamorpkosh, 

— The  large  masses  of  protoplasm  show  the  change 
dy — the  liver,  kidneys,  heart,  and  voluntar)^  muscles;  but 
probably  all  protoplasm  suffers.  Tlie  change  may  be  much  more 
advanced  in  some  organs  than  in  others,  owing  ]>erhaps  to  dilTerenees 
in  the  local  circulation. 

APPZIARANCBS. —  1 .  Microacopic. — 'Hie  cells  are  swollen  and 
irlr  prolopla>m  is  finely  granular — the  nucleus  and  any  cell-slructure 

iis?i;d>Ir     the  granules  refract  light  bul 
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frrbly  ;  they  arc  unstnincd  by  c»smk*  Mcid  ;  they  dissolve*  in  dilute 
Jicid  but  not  in   ether,  and  are   tlierefore  ulbuminouK.      In  ^t-aneeil' 
Ciiscs,  larger,  s.trongly-rf  fractini?  granules,  blackctnng  with  irimic  odd, 
and  soluble  in  ether  but  not  in  acetic  acid— therefore  tatty —arc  foaiol 
associated    with   the   albuminous   granules  which   tirst  appear  likr  i 
precipitate  in  the  cells. 

*i.  Naked  Eye.  When  the  change  is  well-niurkfd,  the  nffrctMl 
organs  arc  somewiiat  swollen,  and  may  be  cither  anunnic  or  ^lighlly 
hypencmic  ;  the  fturfince  of  a  section  bulges  up  a  h'tUe  ;  the  tbsue  b 
softer  and  more  opaque  than  natund. 


ErPECTS.— This  change  must  im]uiir  in  pro|iortion  to  its  degrvr, 
t,_  the  vital  activity  of  the  erll,  on  the 

tTT  >       ~ ,._  other  hand  the  affected  |iaris  txtm- 

[iletcly  re<-ovcr  in  those  cases  in 
which  the  primary  disease  docs  not 
prtjve  fatJil.  Of  course  its  mnt 
i»rrious  action  is  u{iou  the  heart. 


FfcG.  18.  — /.h-rr  /rnvt  .1  ..ij*  0/  Aftttr 
f(Meum»>tism  wi/k  high  Tfmprraturt. 
'flic  livcT'celts  swollen  nnd  gTUiulAr,  the 
nuclrus  111  iibiny  being  almost  fndislin- 
guislmb'c     >  3oa 


genenil  pallor  of  tlie  eortrx 
epithelium  presents  the  uppeanmces  ubmc 
described  ;  tliry  are  well  *.cen  in  the  curly 
hUtgcfi  of  M*arUtiiuil  nephritis. 

The  Heart  and  Musclea.— Hie  heart 

becomes  slij;htl\  o|ku|U(-,  jmiIc,  and  si»ft.  The 
muscular  fibres  are  finely  granular,  and  have 
los-t  their  distinct  striation  (Fig  19)-  ^m'h 
a  condition  must  niatcHally  interfere  with 
the  c(»nlractilr  jjower  of  the  organ.  A 
similar  clmnge  is  met  with  levs  frequently  Im 
otJier  inuHcles. 


The  Liver.  Here  the  change 
K  usually  most  marked,  and  it»ahM>- 
lutcly  characteristic  (Fig.  18). 

The  Kidneya— The  cortex  » 
princi|KilIy  afTccted.   Hie  Mal|)ighUii 

b(Khcs  ;ind  the  jfyratuidH  arc  usuaJlv 
hypenrunc,  and   contrast   with   tKe 
The    tubal 


Ki<k  t^.—Afuutiiar  7* 
Ih*  Hearts  frtm  a  C«ir 

fibres  arrgrannUr,  lb« 
obocurcd    and  tin  Uitadoal 
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The  ItVia^ — The  cban^^c  cannot  l>e  recognised  In*  Uie  naked 
eye.  The  epithelial  eells,  according  to  Biihl^  are  SM'ollen  and  granular 
from  the  presence  of  albuminous  and  fatty  particles,  and  are  easily 
detached  from  the  alveolar  walls. 


CHAPTER  V. 

MUCOID  AND  COLLOID  DEGIU^TIIRATTON. 

Mucoid  Degeneratioii* 

Mccorn  degeneration  consists  in  the  tmn^ifomnation    of  the  proteid 
coiisUtiient<i  of  the  ttfisue^  into  mticln. 

Cbetniratly,  mucin  is  closely  allied  to   albumin,   more  so  than    to 

ler  grUtin  or  chondrin.      Like  albumin,   it  is   met  with    only  in 

lint*   duids — iH'inj;   held   in  solution   by  tlie   free  alkali  ;  it  is  prc- 

rttated  h\  dilute  acetic  arid  imd  alcohol.      It  dilFcrs  fnnn  albumin  in 

not  containing  sulphur,  in  Iteing  insoluble  in  an  excess  of  tlie  acid,  and 

'ill  not  being  precipitated  by  b<iiling.  by  tannin,  or  by  |>erchloridc 

.  roiiry.     These  two  reagents  will  distinguish  it  also  from  gelatin 

and  chondrin.  which  are  both  precipitated  by  thenrt, 


CAUSE. — 'i*his  is  unkno^'n.  It  appears  to  be  a  reversion  to  an 
r  state  ;  for,  in  the  fcrtus,  the  connective  tissues  consist  almost 
.  ly  of  soft  mufin-yidding  sul>stance :  the  umbilical  cord  and 
vHreoos  humour  retain  this  {>eeuliarity.  Throughout  life  a  mucoid 
rhonge  occur*  physiologically  in  tlie  secretion  of  mucus;  a  clear  dix>p 
of  munci  appears  in  the  protoplasm  and  increases  till  the  cell  bursts 
and  the  mucus  is  evacuated^thc  cell,  as  a  rule,  not  being  destrt^yed. 

Mjxcedema.  a  disease  due  to  atrophy  of  the  th^Toid  body,  was  so 
named  because  \t  was  supfxised  that  the  swollen  connective-tissue 
oaaCained  a  Urge  quantity  of  mucin.  Recent  observations,  liuwever, 
bflvc  thown  that,  ot  the  time  of  death,  the  proportion  of  mucin  in  the 
ikto  is  only  slightly,  if  at  all,  in  excess  of  the  normal  amount. 

SEATS.— PflMo/ogiVaZ/y,  mucoid  degeneration  may  aflfect  both 
i-^U  and  intercellular  substance.  It  is  met  with  iji  catarrh  of  mucous 
iBCiabmncs,  the    transformation    occurring    much   more  rapidly  than 
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under  uonniil  conditions,  and  the  cells  being  oflen  cast  off*:  also  fai 
euiincctiv'c-tifisue,  in  cartilage  (especially  the  intervertebral  and  eosUl 
cartilages  of  old  people),  in  bone,  and  in  rtmny  new  growths,  not  ooljr 
In  those  of  the  connective-tissue  type^  but  in  both  cells  and  matm 
of  concert*. 


APPEARANCES.  —  Under  the  microscope  these  are   the 

ai  ill  the  physiological  process,  but  the  cells  arc  much  more  froqucntlj 
destroyed.  To  the  naked  rye  the  affected  parts  arc  transformrd 
into  a  homogeneous,  colourless  material,  of  a  sof^,  mucilaginous,  jellj- 
like  consistence.  When  the  change  is  limited  to  isolated  portions  of 
the  tissue,  tlie  softened  parts  surrounded  by  those  which  are  ucaltcrrd, 
often  present  the  appearance  of  cysts.  These  cyst-like  formatiooi 
contntning  mucoid  substance  are  not  unconunonly  met  witli  in  the 
costal  cartilages  and  in  new  growths. 

EFFECTS.  —  Complete  mucoid  degeneration  implies  abolition  o/ 

function. 

Colloid  Degeneration. 

Colloid  degeneration  consists  in  the  metamorphosis  of  cell-prDtopUim 
into  a  substance  known  as  ^'  coUold." 

Chemically,  colloid  differs  from  mucin  in  containing  sulphur  and  in 
not  being  precipitated  by  acetic  acid  or  alcohol.  It  swells  when 
treated  with  acetic  acid. 

In  the  adult  many  vesicles  of  the  thyroid  normally  contain  ooUoid; 
it  is  only  when  tlie  funuatiun  of  this  material  beoomcs 
genend  and  excessive,  producing  one  form  of  gottrr* 
that  the  process  is  to  be  regarded  as  pathologicmL 

CAUSE. — This  is  quite  unknown. 


< 
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® 
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^.^^^.^'Os^  SEATS.^Colloid  degeneration  occurs  movt 

^,^f^)  — ^       in  the  thyroid ;  then  in  certain  new  growtlii 

sarcomata  and   cancers :    the   secondary  grovthi 
glands  and  elsewhere  undergo  the  same  ch«n^ 
must  be  remembered  that  the  tenn  "  colloid  tumour' 
implies  nothing  as  regards  tlic  nature  of  the  gi 
Ovarian  tumours  of^cn  contain  "colloid;**  but 

timc^  the  contents  more  nearly  correspond  to  mucin.  Otlicr  scats  arc  rarCrl 


a 


Fio.  ao.  —  C^ihid 
Ctiii,  from  ft 
colloid  cancer 
(Rjodficuchi. 
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APPCARANCZZS.  - 1 .  Microscopic— (Figs.  20  and  2 1 ).     One 

or  twu  Hitiall  inasscii  of  culloid  appear  in  the  cell,  increase  and  push 
■ode  the  nucleus  until  they  have  replaced  all  protoplasm  and  the  cell 
is  considerably  swollen.  The  nucleus  usually  atrophies  and  dis- 
sppearn,  but  may  become  colloid.  Neighbouring  cells  coalesce  into 
small  masses,  and  these  again  into  larger,  which  nut  uncommonly, 
under  the   microscope,  look  a»  if  they  were  concentrically  laminated 


Pici.  ^x.-^Coiiotd  Cancer.    Showing  the  large  alveoli,  within  which  is  con- 
tained ibc  geUliocmi  colloid  material,     x  300.    (RiodHcisili.) 


(Ft^.  91).  Thus  cavities  full  of  colloid  are  formed.  The  intercellular 
•ubbtAiMre  atrophies  rather  than  degenerates,  whilst  iii  mucoid  degen- 
ctmtioo  it  is  frequently  aHcctcd  by  the  morbid  process. 

iL  IVaked  Eye. — Colloid  is  colourl&ss  or  pale  yellow,  glistening, 
■nd  has  the  consistence  of  rather  sof^  gelatin,  which,  indeed,  it 
■Mftch  resembles.  Quite  small  {>oints  of  colloid  catch  the  eye ;  they 
do  not  stain  characteristically  with  iodine  or  the  am'line  dyes.  The 
plmical  characters  of  culloid  tissues  are  tlius  \exy  different  from  those 
of  moooid  tisvue&.  In  advanced  stages,  however,  colloid  may  soflen ; 
and  manes  of  softened  colloid  separated  by  septa  of  comparatively 
lUMiegencfikted  tissue  give  the  appearance  of  cysts  in  a  tumour. 


EFTECfTS.^AboUtion  of  function  is  proportionate  to  the  extent 
of  the  intUuiMrphosis. 
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Zenker's  Dege&eratioii  of  Mtucle* 

This  chiiiige  lias  been  ref^nnled  tis  hllied  tn  colloid  degcnentkn 
but  its  nature  is  doubtful.     It  was  first  described  by  Sinker  aa 

ring  in  the  muscles  in  typhoid, 
chiefly  in  the  recti  nbdoiuiiii«, 
ductors  of  the  thigh,  the  diAphn^pn] 
and     tonjfue-niuscles.      It    i» 
known  to  occur,   though  lcs»  oAcR,] 
in  other   infective   febrile   di«ca«!ik 
such  Rs  snudl-pox  and  ccrcbro-spind 
meningitis;  in  trichinosis;    aUo  In 
the  neighbourhood  of  burns  bnitK»j 
^-either   licfore   or   after   *y»t< 
death — abw-'esses   and    tumoupt 
muscle.       Probably,   as    Cofanhi 
t»ugge.sted,  the    uim^ual   np| 
of  muscle  thus  aflVctcd  is  due  lo  aj 
disturbance   in    the    ordiiiar}'    pOTt-l 
mortem  coagulation  of  niyofeiji 
other  words,  "Zenker's   degcumH' 
tion "  Is  an  example  of  coagulative  nccrtjsis.     The  appearancYs  roar 
certainly  be  produced  after  systemic  death,  and  may  fdxnost  certainly 
occur  during  life  in  individual  iibres  dying  from  any  cause. 

APPEARANCXS.— The  altered  fibres  are  mucli  swollen  and  tlie 
transverse  slriation  is  lost.  The  sarcolenmiata  are  occupied  by  a  bimiP- 
geneous.  structureless  material,  which  is  exceedingly  brittle,  and  u&ually 
presents  a  wrinkled  appearance,  or  is  broken  u]>  transversely  into  *cvcral 
irregular  fragments  (Fig.  •2). 

The  |x»rlions  nf  muhcle  affected  are,  to  the  naked  eye,  semi-opaquf; 
pale,  slightly  lustrous,  of  a  reddish-grey  or  brownish-yellow  culour,  ami 
abnonimlly  friable.  Tliey  appear  somewhat  like  the  muscles  of  bop 
or  of  fish.  The  fibres  are  never  universally  affected  ;  many  nannal  wt 
found  a<fSfH*iuted  with  the  altered  elements. 


KKJ.  33.— /f  Pifr/ioM  cf  tkt  Coitus  Muscle 
from  a  Catt  cf  Typhoid  I'tver.  Pre- 
purntion  tcasud  after  treatment  with 
Mitl)er'»  Fluid,     x  aoo.     Reduced  \. 


EFFECTS. — This  change  necessarily  impairs  the  contractile  power 
of  the  muscle,  and  it  is  believed  often  to  lead  to  rupture  of  Mxme  of  tiw 
fusciculi  and  to  hzemorrhage.  The  dead  fibres  appear  to  be  readily 
absorbed  and  quickly  regenerated. 
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Hyaline  Degeneration. 

name  m*us  pven  by  v.  Recklinghausen  to  a  morbid  change 
terisecl  by  t!ie  presence  in  cells  of  drops  of  a  subsUuire  having 
an  appearance  like  tliat  seen  in  albuminoid  de^feneration,  but  not 
giving  the  col*»ur-reactions  of  the  latter.  It  is  stained  |>ale  yellow  by 
ioditir.  and  in  other  respects  seem»»  allied  to  "eolloid."  It  is  wiid  by 
V.  Recklinghausen  ti)  be  a  normal  constituent  of  cell-protoplasm^  and  to 
l>r  vt  free  wlieu  the  cell  dies.  Verj'  little  is  known  about  the  sub- 
fctancr,  however,  and  there  is  a  tendency  on  the  part  of  some  writers  to 
include  under  this  heatlin/;  all  morbid  changes  resulting  in  a  hyaline 
appTJU'unce,  and  es|«;cially  those  due  to  coagulative  necrosis. 

The  chief  scjits  of  this  change  appear  to  be  the  arteries  of  the  brain 
and  of  lympliJitie  glands ;  in  arterioles  the  adventitiu  is  converted  int(» 
A  shining  thickened  layer.  In  larger  arterie-s  becoming  aneurj'smalj 
Meyer  ha^  described  the  yielding  as  being  due  to  hyaline  degeneration 
•tarting  internally  and  passing  outwards.  The  same  degeneration  is 
Kaid  to  be  fre<juent  in  iuHanied  [wrts,  the  connective- tissue  being 
nflcctcd.  CiuU  and  Sutl<ui  have  described  a  hyolin-fibroid  change  in 
the  arteries  in  chronic  Bright's  disease. 


CHAPTER  VI. 

LARBACEOUS  DEGENISRATION. 
Syn.  W^axy,  Albuminoid,  or  Amyloid  Degeneration. 

r«u,  which  is  one  of  the  most  imi>ortimt  degenerative  processes,  is 
rh«r«ctrris«I  by  the  np]>enrancp  in  the  tissues  of  a  colourless  trans- 
luccnt,  finn  lardaceous  substance,  giving  them  somewhat  the  appciirance 
of  boiled  bacon  or  of  white  wax.  This  substance  offers  an  exceedingly 
r  Tigrd   resistance    to  gastric  digestion,  and  exhibits  some  remark- 

l  ^    cluiracterisUc  titaining  reactions.     The  reaction   with  iodine   led 

I      Virchow.  iU  discoverer,  to  regard  Uie  substance  as  allied  to  starch  and 
I      to  propow  for  it  the  name  "amyloid  substance." 

I  Ohemical  nature   of  the  new   material. — By  submitting  affc<^ted 

I      off^puK  to  gastric  digestion  tlic  substance  may  be  obtained  practically 

mn  • 
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pure ;  and,  thus  obtained,  it  has  been  shown  by  Kiihne  to  be  ndi^ 
genous,  closely  allied  to  albumin,  and  not  starchy.  It  is  distin|;uidud 
from  albumin  chiefly  by  its  resistance  to  the  action  of  (I)  dilute  aaditad 
alkalies,  (2)  the  gastric  juice  at  the  body-temperature,  and  (S)  patrcfiw- 
tion  ;  aWt  by  certain  colour-reactions,  Marcet  has  shown  that  the 
organs  containing  it  are  notably  deficient  in  potassium  and  phoepbovk 
acid,  but  they  contain  excess  of  sodium  and  chlorine. 

With  regard  to  its  colour-reactioiis  the  best  and  longest  luMnmb 
that  with  iodine.  To  obtriin  this,  wash  a  thin  slice  of  an  affected  orgjtt 
thoroughly  to  free  it  from  blood,  and  the-n  pour  over  it  a  watery  «olo- 
tion  of  iodine^  made  by  diluting  one  drachm  of  liquor  iodi  ^'*^ 
seven   of   water.      In   this   way  the   lardaceous    {wrtions   are   qu^^-- 

cd  dark  mahogany  brown,  the  healthy  tissues  assuming  a  bnglH 
jrellow  colour. 

If  this  stained  surface  be  treated  with  a  ten  per  cent,  solutioo  of 
sulphuric  acid^  degenerated  parts  assume,  either  at  once  or  after  tome 
time,  a  dark  greenish,  bluihh  or  bUckish  hue^  >«hiUt  healthy  ptftf 
become  greyish.  Unforturuitely  this  second  reaction  is  very  varialk 
and  of  little  value. 

For  microscopic  purposes  the  iodine  and  sulphuric  acid  reartion  msy 
l>e  <»btained  by  staining  the  sections  with  iodine,  mounting  them  in 
glycerine  and  placing  at  the  edge  of  the  cover-glass  a  very  small 
quantity  of  strong  sulphuric  acid ;  in  about  34  hours,  the  lanUccont 
cs  will  be  found  stained  blue.  But  a  more  valuable,  thiMj^h  ^vH 
•oroewhat  variable  process,  is  that  of  staining  the  sections  with  mrth^i 
aniline  or  gentian  violet  (1  per  cent,  watery  solution) ;  after  some 
liie  degenerated  parts  are  stained  bright  magenta,  but  the  heal 
blue.  This  staining  is  more  permanent  than  that  by  iodine,  and 
valuable  as  a  confinnatory  test ;  for  the  iodine  reaction  may  be  olrtain 
with  glycogen  and  some  forms  of  altered  albumin,  and 
therefore  be  regarded  as  absolutely  characteristic  of  lardaceous 
era  tion. 


JETIOliOGY. — Lardaceous  degeneration  is  said  to  be 
commoner  in  males  than  in  females,  and  the  ages  of  the  great  majc 
of  patients  fall  between  10  and  .SO,  especially  between  20  and  SO. 
is  almost  always  secondattf  to  prolonged  and  profuse  suppuration, 
usually  to  tubercular  disease  of  lung,  bone^  joint,  or  kidney,  but 
times  to  traumatic  (septic  comjiound  fractures)  or  other 
fdysentery,  actinomycosis).     Much   less  commonly  it  is  found  in 
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cachexia  of  tertiary  syphilis,  especially  when  there  is  chronic  bone- 
dlflcascu  Rarely  it  appears  in  the  cachexia*  of  severe  malaria,  of 
tenkipniia  and  of  cancer ;  and  verj*  rarely,  especially  in  cliildren,  the 
degeneration  may  seem  to  be  priman/.  Most  of  these  diseases  belong 
to  tlie  class  of  infective  diseases,  and  Birch-Hirschfeld  suggests  that 
the  d<^generatinn  may  l>e  due  to  an  infective  cause — but  he  adduces  no 
evidence  in  favour  of  this. 

The  degeneration  may  be  very  rapid  (two  to  lliree  months,  Cohnhcim) 
in  appearing,  or,  under  apparently  similar  circumstances,  its  onset  may 
l>e  long  delayed ;  this  is  more  likely  to  l)e  the  case  in  young  children 
than  tn  adults.  Like  hectic  fever,  this  degeneration  occurs  much 
more  readily  from  suppuration  of  foul,  ill-drained  cavities  than  from  a 
mach  more  free  discharge  from  a  cutaneous  ulcer — upon  which  the  pus 
cannot  accumulate  under  pressure. 

SEATS. — Tbe  change  is  almost  always  widely  distributed;  only 
rarely  is  it  bmited  to  a  single  ptirt.  It  may  be  found  in  almost  any 
ar^n ;  those  most  frequently  affected  are  spleen,  lirer,  kidneys. 
Intestines,  and  lymphatic  glands.  Less  frequently,  and  especially 
when  tlic  change  in  the  organs  just  mentioned  is  advanced,  minor 
decrees  of  it  may  be  found  in  tlie  stomach,  supra-renal  capsules, 
pharynx,  <£Sophagiis,  bladder,  prostate,  generative  organs,  serous 
membmnes,  the  membranes  of  the  brain  and  cord,  and  muscle.  There 
DO  rule  as  to  the  order  in  which  the  organs  are  affectt-d,  nor  as  to 
lich  will  t>e  affected  in  any  given  case.  As  a  local  change,  appa- 
itJy  quite  distinct  from  the  condition  indicjited  by  "  lunlaceous 
leralion,**  it  occasionally  affects  pafhoh^icai  prfnIiicU,  as  old 
ibi,  in^amcd  ghuids,  scars  (especially  syphilitic)  and  tumours. 


lARANCCS. —  1.  Microscopic. — The   morbid    substance 

ly  ;i|i|.M-.'ir.  first  in  the  sub-endothclial  connective-tissue  of  the 
arterioles  and  capillaries,  and  in  the  media  of  the  former;  the 
tdothrlium  is  unaffected,  and  the  adventitia  usually  escapes.  The 
[c  greatly  diminishes  the  lumen  of  the  vessel ;  it  does  not  affect 
flatter  uniformly,  but  frequently  causes  spindle-shaped  enlarge- 
and  not  only  do  the  vessels  of  many  parts  escape  entirely,  but 
distribution  of  the  change  in  an  affected  organ  may  be  quite 
liar. 
With  regard  to  the  fiirther  spread  of  the  change,  all  authorities  of 
recent  date  appear  agreed  that  the  comtective-fissiie  in  every  affected 
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organ  suffers  most,  and  swells  into  homogeneous  waxy-looking 
frequently  coalescing,  between  which  the  esscntiul  cells  of  the  orgu 
atrophy  even  to  disaj)|)earance.  \\'ith  osmic  acid  and  ordinan,*  stAintng 
reagents,  Ziegler  says  that  there  is  no  difficulty  in  dr-numstnting  the 
fatty  liver-ceils  between  the  homogeneous  block>>  into  which  the  eoa- 
nective-tissuc  has  swollen  (Fig>  S3,  troni  RindHeiM*h,  and  s«i<l  by  htm 
to  represent  degenerate  liver-cells).  Many  writers,  in  oppo^ition  to  the 
old  view,  now  deny  that  epithelial  cells  can  undergo  this  changr : 
though  others,  like  Ziegler,  content  themselves  with  naming  that  llkej 
may  be  cpiite  unaffected  in  advanced  stages  of  the  disease.  Opinhnft 
differ  as  to  whether  muscle-celK  and  those  4»f  lymphatic  glands  brcumc 
lardaccous. 

2.  Naked  Eye. — Organs  in  whicli  this  change  i^  at   all   ad\Ancvd 
present    features    so    characteristic    that    its   nature   can   be    readily 

recognised  by  the  naked  rye.  Thcjf 
are  considerably  increjised  in  «tr, 
but  their  general  form  is  prmcrvMl* 
any  edges  bewjming  m<»re  or  le» 
rounded.  Their  nl>solutr  weiglit  n 
increased,  and  also  tlieir  ^bixxific 
gravity  ;  their  surface  i*  smooth,  azui 
the  cap>)ule  tense  and  %trctcbc<l; 
their  consistence  is  fim»  and  some- 
what elastic.  On  section  thcv  ex- 
hibit  a  peculiar  homogeneous,  gin- 
tening,  transhicent  appearance, 
somewluit  resembling  pure  white  wax.  Owing  to  the  diminished 
calibre  of  iheir  bltunl- vessels,  and  tt»  the  pressure  exercised  bv  the  new 
material,  they  contain  but  little  bltHMl,  and  hence  arc  always  pair  in 
c*»lour.  In  slighter  degrees  of  the  change,  spots  and  patchc*  i»f  tbc 
morbid  material  may  be  scattered,  like  gniins  i)f  1>i>iled  «igo,  through 
tlie  tissue.  Although  the  ab(»ve  chanteters  are  sufficient  in  ad- 
vanced stages,  the  colour- react  ions  already  mentioned  should  alwm^ 
be  used,  fiir  they  will  reveal  altered  {latches — f.g.,  in  intestine — not 
obvious  without  them.  For  the  recognition  of  the  dcgencntioB^ 
in  it»  ettriiui  stage  the  nucroscope  is  nccessarj-.  TJtr  pm 
lanifttrotu  drgenrrntioti  i>  open  marked  by  stnnv  vihrr  rftangr, 
fatiif. 

The  primary  change  may  tK-cur  in  llic  eonnective-tiftfcue  nf  an  organ* 
and  not  in  the  vessels. 


Tn;.  aj.  —LarJacfOHs  J.ivrr  C<'l/t  (ac- 
cording to  RindfleischX  »i.  Single  cells. 
>.  Cells  which  have  coalesced,  x  300. 
Probably  the  nNnT  masses  are  fnig- 
iDcnts  of  capilLuict  ur  of  connective- 
tissue. 
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EPPECTS. — The  result  of  iliuiiuishitig  the  blo(xl-supply  to  the 
csafutiiil  dements  of  u  purt  by  mirruwing  the  arterioles,  and  by  direct 
pressure  on  the  elements^  is  naturally  to  cause  atrophy,  frequently 
«<Tompftnir<l  by  fatty  degenemtion  (p.  US)  ;  and  proportionate  dimi- 
nution of  function  ft»llows.  The  cliauge  in  the  ves-scl-walls  alters  the 
qujintity  and  (|uahty  of  the  transudation,  as  is  shown  by  the  changes 
Ui  the  urine  w  hen  the  kidneys  Jirc  affected. 

It  M'enis  probable  that  removal  of  the  eause — e.g.,  ehronic  suppuration 
— of  Urxlaeeiius  degeneration  may  lend  to  arrest  of  the  dejHisit,  and  to 
lis  removal  frorn  the  diseased  *u-gans,  even  in  marked  eases ;  but  in  the 
tfmt  majority  of  instances  the  change  Is  steadily  progressive,  and 
prvB\ts  f«t*I  by  exhaustion,  preceded  by  antemia,  hydntmia,  albuminuria, 
ami  diArrhien — all  of  which  are  eji»»ily  accounted  for  by  thtr  morbid 
anatomy.  Hut  the  other  effects  of  the  primary/  disease  must  also  be 
rettieuibered. 


IfATURE  OP  THE  DEGENERATION.— Is  the  process  an 

intiJlralioM  or  .;i  nietJiniHrphosis?  It  is  ;;cucrally  rcj^urded  as  an  inliltra- 
tion  ;  and  it  is  believed  that  a  soluble  lardaceous  substance  is  deposited 
from  the  blotKl  in  tissues  prc^dis])osed  by  some  morbid  change  to  receive 
it  and  to  <*4tnd)ine  with  it  to  fnnii  the  very  insoluble  •' lardacein  "  or 
"  UrdaccouH  !»ubstancc/'  found  in  the  organs.  The  latter  change 
accounts  for  the  irregular  distribution  of  the  degeneration.  A  parallel 
was  drawn  by  N'irchow  between  this  degeneration  and  calcareous  infil- 
tration, in  which  the  deposit  of  salts  occurs  only  in  dead  tissues.  The 
ibiture  of  the  process  is,  however,  by  no  means  certain,  some  facts 
vupporting  the  view  that  it  is  a  met-amorphosis — e.g.,  the  occurrence  of 
.  'fius  snl>stance  in  thrombi,  and  |>erhajis  in  casts.*  Dickinson 
that  the  sul>*.trtnce  de|>osiled  from  Ihf  blood  is  de^a^lkalised 
fibrin,  rendered  Insoluble  by  loss  of  alkali  carried  away  in  the  pus.  Hut 
this  explanation  fails  io  cover  nintiy  eases,  and  Hudd  considers  that  such 
a  <nb«ta]icr  should  digest  easily. 

Sccgen  thought  he  fouiul  in  normal  blood  a  substance  named 
"  dy^trrjjjodextrin  "  which  has  the  peculiarities  of  the  lardacein;  he 
txrlirvei  tliat  this  substance  loses  its  solubility  and  is  then  deposited. 

According  to  Krkule  and  others,  lartlacein  is  a  possible  interme<liate 
product  between  albumin  on  the  one  side,  aii<l  fat  and  cholesterin  on 
the  other. 
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Lardaceons  Degeneration  of  the  Iiiyer. 

APPEARANCES— I.  Microscopic. — The  change  usimny  be- 
gins in  the  walls  ol  the  cnpillarits  and  arterioles  of  the  hepatic  ortrry ; 
mrely,  it  is  said,  in  the  ctipillaries  of  the  portal  vein.  Thence  the 
deposit  spreads  to  the  intra-aeinous  connective-tissur  round  the  affected 
vessels,  uUimately  reaching  an<i  aH'ecting  the  tisbwe  between  the 
lobules  and  leadirip;  to  confusion  of  their  outlines.  The  connecthfr- 
tissue  swells  into  homogeneous  columns  which  spht  readily  Into  ilakei^ 


KlQ,  %^— Lardnrtout  l.ivrr.  Part  of  a  lobule,  showing  massrs  of  Urda* 
ccotis  substance,  resembling  in  section  dr-gcnerntc  and  fused  Itepatic 
crlls,  nnd  gnrater  tnipUcilion  of  the  intermediatr  rone,  [Lxtemalty 
are  teen  several  fatty  cells,  a  certain  amount  of  fatly  in61tnition 
being  associated  with  the  lardaceous  change  i>.  Hepatic  vein. 
«   too. 


like  hepatic  ceIN,  and  which,  in  section,  look  like  masses  of  tlegcncrated 
cells  or  even  whole  lobules.  Careful  examination  (p.  70)  will,  howcTcr, 
reveal  between  the  lardaceous  masses  the  liver  cells  more  or  \cm 
atrophied  and  pigmented,  the  ]>cripheral  cells,  cs|w*cially,  being  infil- 
trated with  fat.  These  changes  are  iK-aiitifully  shown  if  a  \cxy  lliin 
section  be  dehydrated  in  absolute  alcohol,  stained  in  an  alcoholic 
solution  of  alkanet,  decolorised  in  alcohol  acidulate<l  with  hydrochkwic 
acid,  washed  in  water  tinted  with  aeitl  liu'inatoxylin,  again  waabed  in 
water  rnloured  with  solution  of  imline  nnd  iodide  of  {Nttassium,  once  more 
rinxcd  in  water,  nnd  then  mounted  in  glycerine  ;  tlie  fat  is  bright  rtrd. 
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le  Urdaceous  substance  browQish-red,  the  liver  cells  yellow,  and  the 

iclei  dark  |jn*yish-blue.      The  fatty  liver  cells  show  up  clearly  be- 

reen  the  iHrdacpous  masses,  especially  if  a  condenser  is  used  (Orth). 

2.  Naked  Eye. — The  lardaceous  liver  is  increased  in  size,  and  may 

be  so  large  as  almost  to  fill  the   abdominal   cavity-      Its  weight   is 

icreased,  and  also  its  s{>ecific  gravity.     The  enlargement  bcin^  uniform 

ic  natural  iihapc  of  the  organ  is  but  little  altered ;   the  free  edge 

rounded,  the  surface  smooth,  and  the  ca|>sule  tense  and  stretched. 

le  consistence  is  firm  and  elastic.     The  rut  surface  is  dry,  bloodless, 

looth,  translucent,  and  waxy-looking,  and  of  a  pale   reddish-grey  or 

'<lirty-ycIlow  colour.      If  the   change   is   very  far  advanced,  the   tissue 

may  be  perfectly  homogeneous,  all  distinction  between  the  individual 

>bules  being  losL     In  other  cases  the  lobules  are  distinctly  mapped 

it ;  they  are  enlarged,  and  the  external  zone  may  be  of  an  opaque 

■llowi&h-white  colour  owing  to  the  presence  of  fat.      This  association 

llie  fatty  and  lardaceous  changes  is  exceedingly  common.      I>arda- 

dcgencration  does  not  obstruct  the  portal  circulation,  and  hence 

not   cause  ascites  (see   "Cirrhosis  of  Liver"),     It   causes  fatty 

'^neration  and  atrophy  of  the  hepatic  cells,  and  thus  interferes  with 

le  functions  of  the  organ. 

if  thin  washed  sections  of  a  liver  in  an  early  stage  of  the  affection  be 
uned  with  iodine,  the  mahogany  colour  will  be  found  limited  to  the 
fco-called  "  intermediate  zone  "  of  the 
ibules — the  area  of  distribution  of 
le  hepatic  artery.  The  appearance 
thus  produced  is  that  of  a  number 
partially  compressed  rings  with 
Ic  centres,  and  still  paler  inter- 
spaces (Fig.  25).  The  ear- 
Brat  of  lardaceous  degeneration 
I  dilTerb  from  that  of  fntty  infil- 
tntion,  in  which  the  fat  first  accu- 
mulates in  the  cells  of  the  outer  or 
portal  xcmc  (Fig.  24).  and  also  from 
it  of  pigmentation  of  the  hepatic 
rlls  fmni  mechanical  congestion, 
rhic^  begins  in  the  central  xone 
[Hind  the  hepatic  vein.     All  these  changes  not  nncoaaaonlv 

-thrr.     As  tile  lardaoecKis  change  advances,  the  whole  Iflbvle  — >tf 
le  interlobuUr  connective-tisBuc  may  became  tnvolrcd. 


the 
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Lardaceons  Degeueration  of  the  Kidneys. 

The  ki(lnr_V'<  suffer  frequently  from  this  change,  thouf^h  the  ^ple«n 
and  liver  are,  /is  a  rule,  more  markedly  affeotccV  Sometimes  the  dc- 
^eiicnttioM  ap|K*ai*s  to  ei»nmience  in  the  kidneys.  Albuminuria  beiD/c 
tuie  of  the  most  constant  signs  of  Uiis  ehange,  it  is  often  cl«*''»r<l  a* 
one  of  tlic  varieties  of  "  Bright's  disease," 

The  combination  of  lardacentih  and  falty  changes  in  excrcilingh 
eonmion  in  the  kidney,  the   latter  U-ing  to  some  extent  seeondarj"  to 

the  former,  bnt  the  two  lienr  no  ruiutjint  or 
proportionate  relation.  I^irdaceons  rhiinge 
is  also  fre<nienlly  combined  with  the  *ign» 
of  inHammalion,  both  interstitial  and  parrn- 
chymatuiis :  the  nature  of  the  relation  U 
sometimes  obscure.  It  has  been  held  thai 
the  nephritis  causes  the  lardarctms  rhjuigr, 
that  the  lartlaceous  change  cjinses  the 
nephritis^  and  that  both  are  eoneomitftnt 
results  of  the  same  cause. 

APPEARANCES.  -^1.  ~ 

■coplc— The  degeneration  usually 
in  the  Malpighian  bodien.  At  firstonlja 
few  of  the  capillary  loojw  in  each  tuft  arr 
alfected,  but  all  the  loops  gradually  brc«*inc 
involvecL  The  whole  coil  then  presents 
an  ill-defined  outline  and  glistening  Hurfaoc 
The  cinuige  in  the  meantime  ext<mds  to 
the  afferent  arteries,  to  the  capillary  net- 
work around  the  tubulesj  to  the  artcriobr 
rectfp  of  the  mcdullA,  ami  in  advanced 
ease*  to  the  intertubulnr  tissue,  and  even  to  the  tunica  pr«>prin  of  the 
tubules.  It  is  doubtful  if  the  epithelium  rrrr  undergoes  lardacrcnu 
change.  Tlic  distribution  of  the  change  may  for  long  be  very  Iitd- 
gular. 

The  minute  changes  are  first  observed  in  the  sub-cndotheltal  con- 
nective I  ivsuf,  the  endothelium  remaining  sound;  the  media  of  the 
lurterioles  is  next  involved,  the  nniscular  fibres  either  atrophying  ur 
degenerating :  in  this  way  a  homogeneous  glistening  layer  i»f  vaniing 
thickness  (Fig.   ^7)   is   formed.     The   Inmeii   nf  the  vesseU  i%  ftnalK 


.Suinc<l  wHh  Iodine.  TTie 
<)jirk  parts  i>'pn^M:nt  the  Mai- 
pti^hian  Ixxlics  and  arlcrin 
whirlt  lm\-t.*  undergont.'  llic 
Uirtliaccous  change.'.  Fiom  a 
child.     Natuml  sl/c. 


LARDACEOUS  DEGENERATION  OI    TIIK  KIDNEYS. 


I  i' 


^litcnitcdi  And  the  enlarged  Nfalpigliiaii  tutt  becomes  a  solid  bull, 
ing  on  iU  surface  the  uimffectcd  epithelial  cells  of  its  capsule  : 
can  be  demonstrated  by  ordinary'  staining  reagents.  From  the 
Malpighian  tufts  and  afferent  vessels  the  degeneration  spreads  as  above 
ibcd,  giving  rise  to  tlie  dots,  streaks  and  finally  coalosccnt  patches 
iently  to  be  described. 
At  first  the  tubt-s  and  their  epitlielium  appear  normal.  Many  eon- 
u  the  p»lr  hyaline  casts  which  ap]>ear  in  the  urine.  These  are 
ibly  iiimple  exudation  proiluets,  but  they  occasionally  stain  deep 
*Mm  with  iodine,  and  (hus  have  been  supposed  to  consist  of 
UnUoeous   sulMtancc    formed    by    metamorphosis    of    the    exudation 


YQ,  sy.  —  Lardacrous  Degtnerotion  of  a  Ma/fii^kian  Tuft  and 
tmiall  Artery  of  ike  Kidmey.  Showing  the  thickening  of  the 
wtjUs  of  the  vcs»;l.  th«  en  largo  tnenl  of  the  celU  of  the  circular 
muscular  coot,  and  the  homogeneous  lay»fr  formed  by  lh'» 
mtiroa  and  loni;itudtnal  muscular  ftbres.     x  3O0l     Keduocd  \. 

Ltrrial  ;  according  to  Ziegler,  liowever,  tliese  ciLsts  do  not  exhibit  the 

her  reactions  of  lardaceous  substance.      As  the  cliangc  advances  and 

tile  new  matcriid  increases  in  amount,  the  bktod-supply  becomes  less 

id  Ics*.  while  the  lubes  themselves  are  subjected  t(»  actual  compression 

rhich,  if  it  is  uniformj  leads  to  their  atrophy^  and  perhaps  even  to 

leir  disappearance,  and  if  it  is  irregular,  to  their  dilatation  into  small 

ts.     Tlie  epithelium   undergoes  atrophy  and  fatty  metjimoqihosis, 

lacing  the  opaque  yellowish  streaks  and  patches  above  mentioned, 

change  varies  much  in   its  amount  and  distribution.      Not 

\\y  a  jjarencliymatous  nephritis  is  present,  the  tubes  being 

dbtraded  with  cloudy  or  fatty  eells,and   tlie  intertubular  tissue  beh 

or  less  iufiltruted  with  leucocytes  [large  white  lardaceous  kidnefi. 


'8 


LARDACEOUS  DEGENERATION. 


In  the  later  stages  of  the  process  there  is  almost  always  increase  of  the 
intertubular  tissue,  which^  together  with  the  disappearance  of  tuba, 
leads  to  shriuldng  and  toughening  of  the  organ,  to  adhesion  of  the 
iule  and  to  irregularity  of  the  surface. 
Naked  Eye. — These  will  vary  with  the  extent  of  the  degeno^ 
UoD,  and  may  be  modified  by  the  presence  of  associated  chszif«y 
such  as  fatty  degeneration  of  renal  epithelium,  and  nf  those  due  to 
inflammatory  processes. 

At  first  the  changes  are  microscopic  only ;  at  this  stage  the  staining 
of  thin  sections  with  iodine  will  show  here  and  there  a  Maipighian 
body  as  a  brown  dot,  and  the  straight  arteries  of  Uic  pyramids  us  bnvB 
lines.  The  unstained  kidney  is  either  still  normal  to  the  naked  rjf; 
or  perhaj>s  pale,  yellowish^  and  nlightty  softened.  As  the  disease 
advances,  the  organ  enlarges,  es|>ecially  the  cortex.  The  surface  is 
to  the  naked  eye  smooth,  and  the  cupitule  separates  readily.  The 
enlarged  cortex  is  remarkably  pale  and  anaemic,  and  has  a  {>rcuhar 
translucent,  homogeneous,  wax-like  appearance.  Its  consistence  is 
hard  and  firm.  A  few  scattered  vessels  may  be  seen  on  tlie  surfkce, 
and  the  bases  of  the  pyramids  sometimes  exhibit  increased  vascularity. 
If  iodine  be  applied  to  the  cut  surface  (p.  70),  the  Mal|>ighiau  bodies 
and  tlie  arteries  of  the  cortex  become  mapped  out  as  clearly  as  in  ao 
artificial  injection  (Fig.  26).  The  enlarged  Malpighian  bodies  may 
Indeed  be  seen  as  glistening  points  before  the  iodine  is  applied. 
Frequently,  the  homogeneous  appearance  of  the  cortex  is  interruptrd 
by  minute,  o|>a<)ue,  yellowish-white  lines  and  markings;  theae  are 
produced  by  the  fatty  changes  in  the  epithelium  of  the  tubes,  already 
described.  Ultimately  the  capsule  becomes  more  or  le*s  adherent,  and 
slight  irregular  depressions  make  their  appearance  upon  the  surface  of 
the  organ  ;  the  latter  are  due  to  atrophic  changes  in  some  of  the  tubes. 
If,  AS  is  usually  the  case,  the  process  is  associated  with  an  increase  in 
the  intertubular  connective-tissue,  the  atrophy  may  render  the  organ 
even  smaller  than  nonnal. 

Sometimes  the  etdargement  of  the  organs  is  very  great  In  theae 
cases  the  increase  in  sixe  in  maiidy  due  to  inflauunatory  changes,  soefa 
as  have  been  referred  to.  The  frequency  with  which  such  combina- 
tions occur  render  it  advisable  to  examine  all  large  pale  kidneys  for 
lardaceous  changes. 


EFPECTS.— The   first   effect  of   this   change   is   to  obstruct  the 
circulation  in  the  <x>rtex  ;  heace  the  iocreabiiig  pallor  of  this  part.    The 
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arterial  walls  are  &o  nltered  that  Huids  and  albLtniin  readily  permeate 
them  ;  and  thus  is  produced  the  large  quantity'  of  urine,  loailed  with 
Albumin,  which  characterises  the  earlier  stages  of  this  af!*ection  ;  the 
polyuria  is,  however,  not  so  great  as  in  the  granular  contracted  kidney, 
in  which  the  arterial  tension  is  much  higher.  It  is  unusual  to  find  the 
heart  hypertrophied  in  cases  of  lardaceous  disetise.  As  the  arteries 
and  the  tubes  l>ecome  more  obstructed,  the  urine  dtniinishes  in  quan- 
tity. The  excretion  of  urea  is  less  interfered  with  than  in  other  forms 
of  Bright's  disease,  and  hence  symptoms  due  to  its  retention  seldom 
occur.  Tube-casts  are  rarely  immerous  ;  they  are  for  the  most  piirt 
hyaline  or  finely  granular,  though  sometimes  they  are  covered  with 
fktty  epithelium. 

In  advanced  cases  there  is  marked  dropsy. 

I^ardaceons  Degeneration  of  the  Spleen. 

VARHSTIBS, — The   spleen  is  verj-  liable  to  this  change,  and  is 
lily  one  ot  tlic  first  organs  to  be  attected  by  it.     Two  forms  arc 


Fio.  aB. — Lardactcus  Degtneration  of  the  SpUtn—'*  Sago  Splttn."' 
Put  of  Ml  Alter<Ml  MalpjghiAii  corpiuclc.  a,  with  tlic  adjacent 
normal  ftpleaie  tissue,  h.  The  canals  in  a  are  d^ener ated  vessdt. 
X  aoo. 


lly  described  :  (1)  the  sagO  spleen,  in  whicli  the  disease  is  limited 
to  the  Malpighian  corpuscles ;  and  (3)  the  diffoae  form,  in  which  the 
rholc  splenic  pulp  is  implicated,  but  in  which  the  Malpighian 
»usclcs  genemlly  escape.  Kyber  spt^aks  of  the  latter  as  "  pnrenchy- 
ixMtoui  degeneration,"  and  makes  a  third  fonn,  indislinguisliable  from  it 
by  the  naked  eye,  in  which  the  disease  begins  simultaneously  in  the 
Malpighian  corpuscles  and  the  pulp.  He  holds  strongly  that  these 
ilo  not  pass  into  eacli  other,  and  particularly  that  the  jmrenchy 
form  ts  not  an  advanced  stage  of  the  s/igo  spleen. 


HO 
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Fig.  a^.~Lardafecus  Sago  Sfieeit, 
Stainnl  wilh  Iodine.  Malpightan 
bodies  arc  darkly  stained,  and  as 
a  ndc  have  unstained  centres. 
From  a  child.     N'atuni]  siae. 


APPEARANCES-  I.  Microscopic,-  In  tiir  sago  splrrn  Ihr 
cimnge  conitnciu-cs  in  \Xw  ui|>illancs  aiul  arlcriolrs  of  Uu-   MnlptgUiaa 

corpuscles,  next  involves  the  tibriU  of 
Ihc  network  of  wluch  the  corpuscle 
largely  cxjnsists,  hiuI  then  extriulA  U 
the  small  vesseU  in  the  neighbourhood. 
At  first  the  centrnl  artery  of  the  cor- 
puscle usually  r*ic*ape».  When  it  be- 
comes aflVrted,  the  change  is  flnK 
obser^'cd  in  its  micUUr  c<»at.  In  the 
diffase  or  parenchymatous  forv, 
the  (legenrrntion  be^ns  in  the  neijcb* 
lx)urho<Kl  of  the  oipillary  vein*  of  llir 
pulp,  aiul  spreacK  thence  to  th«-  trahr* 
cula-,  arleriHl  capillarifi,  ami  possibly— 
though  this  is  vet^  doubtful — to  the  cells.  Thr  Mali>ighinn  bocUr* 
often  esc.ipo,  but  their  <'<*ntr.il  arteries  are  genemliy  involved.  Kyber* 
general  lardaceons  degeneration  shows  th*>  lesions  of  Uith  thr 
other  forms  progressing  siniultaneously. 

ti.  Naked  Eye. — The  sa^^O  spleen  is  more  or  less  enUrgtd; 
its  weight  Hud  tleiisity  nn-  also  inerfased.  The  cut  surface  i«»  smooth, 
dryland  studded  all  over  with  sninll  glistening  sago-like  bodies,  X'arying 
in  si»c  from  a  millet  to  a  hemp  seed.  These  arc  stained  reddisli-browD 
by  the  iodine  solution  ;  but,  as  the  centml  artrry  generally  e<«c«pe$v 
the  mahogflny-coloured  nodules  have  pale  centres.  These  nodule* 
may  enbirge  until  they  occupy  a  considerable  portion  of  the  org&n, 
although  in  earlier  stages  of  the  affection  they  are  so  minute  that  they 
can  be  seen  only  in  thin  sections  of  the  tissue*.  In  the  later  stage*. 
therefore,  there  is  a  considerable  resemblance  between  iodine-stainrA 
sections  of  liver  and  spleen  res|)ectively.  as  may  be  seen  by  comparing 
Pigs.  25  and  ej). 

In    the   parenchymatous   and   general  forms   the  organ  oHi 
attains  a    much   larger  si?^*   than  is  met  with  in  the  sago  spleen.      It 
renmrkably  hard  und  fimi,  and   tlie   capsule  is  tense  and  transparrnU 
On   section   it   presents  a   drj",  homogeneous,  translucent,   bloodic 
surface,  of  a   unifumi   dark   reddish-brown  colour.     Tliin  sections  n 
be  readily  made-  with  a  knife,  the  organ  cutting  like  sof\  wax.     Tlw 
oorputtcles,  if  affected,  are  not  visible  as  in  the  former  variety,  being 
probably  obscured  by  the  surrounding  pulp. 


EFFECTS. — Anirmiu  and  emaciation  follow  the  interference  with 
the  bicKKl-l'onning  function  of  the  spleen. 

Lardaceoos  Degeneration  of  LympHatic  Glands. 

In  the  lymphatic  glands  the  process  much  resembles  that  in  the 
spleen.  The  snmll  arteries  in  coiincclion  with  the  follicles  of  the 
^Und  are  the  earliest  seats  of  the  chanj^e  ;  and  from  these  it  extends 
to  the  trabeculff*  and  possibly  to  the  lymphoid  cells.  Tlie  follicle  thus 
becomes  ultimately  converted  into  a  smal!  homogeneous  mass. 

The  ftUiid^i  themselves  are  enlarged,  and  on  section  the  minute 
wax-like  Ixnlies  can  often  be  seen  scattered  through  the  cortex.  The 
cut  surface  is  smooth,  pale,  and  translucent. 

The  effects  are  the  same  as  in  implication  of  the  spleen. 

Lardaceous  Degeneration  of  the  Alimentary  Canal. 

The  whole  alimentary  tract  may  be  affected,  but  probably  never 
primarily  or  alone.  The  chanjfe  frequently  co-exists  with  tubercular 
ulceration.  The  disease  in  this  situation  is  very  apt  to  escape  obsena- 
tion,  as  it  usually  produces  but  little  alteration  in  the  appearance  of 
the  parts.  The  mucous  membrane  may  look  somewhat  pale,  smooth, 
Iranslucrnt,  aiul  a'dematous ;  in  very  advanced  cascs  there  may  be 
•ome  rijfidity  and  thickening?  of  the  bowel-wall,  and  even  ulcers — due,  it 
b  supposed,  to  the  tearingr-*»ff*,  by  the  passing;  of  food,  of  rigid  villi.  But 
the  cffrct  of  the  application  of  iodine  to  the  washed  mucous  surface  is 
charncteristic.  In  the  small  intestine  -  pcrhajis  the  part  most 
only  affected — a  number  of  small  reddish-brown  points  appear 
liver  the  whole  surface  of  the  membrane  ;  these  correspond  to  the 
intestinal  \illi,  the  arteries  and  capillaries  of  which  have  undergone 
the  lardaceous  change.  In  the  stomach  and  a'sophagus  the  vessels  are 
fcimilarly  nmppcd  out  by  iodine  (p.  70). 

The  cluinge  in  the  intestine  gives  rise  to  serous  diarrhfEa,  probably 
due  lo  incTt'ost'd  permeability  of  the  degenerated  vessel-walls.  Roth 
abcorption  and  secretion  are  much  imjmired,  so  that  implication  of  the 
aliniCIitary  tmct  has  a  grave  general  effect. 

The  Corpora  Amylacea. 

Cofpora  amylacea  or  "amyloid  bodies"  were  fonnerly  looked  upon 
as   conilftili^  of  lardaceoua  substance ;  there  ap|>car8,  however,  with 
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the  exception  of  a  certain  similarity  in  their  behaviour  with  iodine  asd 
sulphuric  acid,  to  be  no  connection  between  them. 

'Hiey  are  rouiitl  or  oval  bodies,  fomietl  of  a  succession  of  conc*»tnf 
layers,  and  are  often  chanjjcd  to  a  deep  blue  colour  by  iodine,  thus 
bearing,  both  in  structure  and  chemical  properties,  a  strong  rescmbltoce 
to  g;raiiules  nf  ve^^etable  starch  (Fig.  30)  ;  but,  someUmes,  the  blue  h 
exhibited  only  after  the  subsequent  addition  of  sulphuric  acid,  and 
thus  a  resemblance  is  shown  to  the  lardaceous  substance.  Many  n( 
these  bo<lies,  however,  are  coloured  green,  or  even  brown  by  theie 
reagents.     The    green    is   due    to   their   admixture  with    nitiugroort 


matters,  which  give  a  yellow  colour  with  iiHline,  and  hencr  llic 
bination  yields  h  green.  The  greater  the  amount  of  nitro|{ClMMU 
matter  the  more  brown  does  the  colour  become.  They  vary  in  aae 
fii>m  microscopic  granules  to  lK>dies  which  are  distinctly  visible  to  the 
naked  eye ;  sometimes  being  a,s  much  as  one  or  two  lines  in  diaiorlcr. 
The  larger  are  usually  formed  by  the  conglomeration  of  smaller  gnmolr*. 
which  are  often  enclosed  by  a  common  envelope 

They  especially  occur  in  conditions  of  atrophy  or  softening  of  ti"- 
nervous  system.     The  e|H*n(lyma  of  the  ventricles,  the  white  Mibstancr 

of  the  brain,  the  choniid  plexus,  the  optK 
nerve   and   retina,  and  the  spinal  conl  «"■ 
their    favourite    seats.     The    larger    f  - 
^1  "^^^y       ^^^B      are   met  with  most  frequently  in   tlie   p- 
^y  ^^1^  ^^^^1      late.      The   prostate   of  nearly    every    aii . 

contains  some  of  these  bodies;  and  tbry 
may  accumulate  in  that  organ  to  such  an  n- 
tent  as  to  form  large  coiicreticm*i.  Tliry  are 
occuiionally  met  with  in  the  lungs,  and  in  mucous  mid  sonms  menibrsor^ 
From  thrir  laminated  structure  these  bodies  wotdd  appear  to  be 
formed  by  the  precipitation,  layer  by  layer,  of  seme  material,  upon  the 
surface  of  pre-existing  pnrlicles.  The  material,  hc»wever,  doe*  not 
appear  ti<  Ix*  that  met  with  in  lardaceous  degeneration.  TUc  tvo 
processes  are  so  different,  l)oth  in  the  circumstances  under  which  they 
occur  and  in  the  characters  and  seat  of  the  n)orbid  pri>duots,  that  tbrr 
cannot  be  looked  upon  as  analogous.  LardHcei^U'i  degcnerattun  i«  a 
general  change,  whereas  the  formation  of  the  e«r|»«irH  aniytacra  i» 
evidently  of  a  local  nature,  'i'he  latter  is  often  preceded  by  thi»e 
local  atrophic  changes  associated  with  advanced  life,  and  appean  to 
ecmsist  in  the  def>osition  of  s<m»e  matcrirtl,  prolwbly  lil>erat4-d  in  the 
tissues  themselves,  u|¥in  any  free  Inxly  which  may  exist  in  its  vicinity 
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lej  uT  calcxina  artd  =.Jt"*«:j;w=^.  irr  r>r-----^r.:  i-.  U.7  f^-n 
4nd  lymph,  carbon  cbrndde  bcng  imfaaUj  tbe  aaireBeL  We 
detennine  vhy  these  salts  sbonid  be  penouiendjr  depoBted  in 
tiwn  ■,  uid  we  are  at  once  ftfoek  br  tbe  £act  that,  in  the 
«w|ority  of  cases,  the  ti— ca  ■fcw.ttJ  mrc  dead  or  dying.  ItHprofaafale, 
tterelbre>  that  feeble  nntntiTe  aUiiiij  and  a  rcCvded  Uood-sfcreaaB 
flrr  together  rraprmTiWr  lor  its  oeemence.  BbdAench  tnngbt  that 
esrbon  dioxide  escaped  Arm  the  stagnating' !ya^fc-<tifcam, and  that  the 
«alU  vere   canaeoaeaflT   wciliatated:   aaoee   rceenUr  «Chen 
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intestine^!,  diirn  nmter,  and  liver.  The  deposit  Ukes  plaoe  cliicAf 
the  connertive  and  lenst  nrtivc  ti»tiie  of  the  orprin.  which,  inorrotfT, 
immediately  surrounds  the  vessels — e.g.,  in  the  interlobular  tiour  of 
the  lungs  and  in  the  stroma  between  the  glands  of  the  stomach ;  but  ia 
the  kidney  the  epitht^liuni  is  infiltrated  as  well  hs  the  intertubularlissttf, 
AnnUi^tis  to  this  fonn  of  ealoifieation  is  the  deposition  of  the  cxce«of 
bi-urate  of  sodium  which  takes  place  in  K^ut.  It  is  probable  that  M 
this  case  also  the  deposit  occurs  first  in  tissues  in  which  the  nutritive 
activity  is  most  feeble.  A  certJiin  Hmnimt  of  chalky —like  fatty- 
infiltration  may  perhaps  occur  without  marked  imfMiimu*nt  of  functioo; 
but,  as  completely  calcified  \mris  are  certainly  dead,  cither  tt>»- 
infiltration  has  the  jiower  to  kill  or  it  affects  dying  parts. 


SEATS. —  Diminution  or  extinction  of  vital  activity  being  an  im- 
portant clement  in  its  causation,  we  are  not  surprised  to  find  that 
ridcificntion  is  very  common  as  a  senile  change,  affecting  most  frequently 
the  arteries  and  hyaline  cartilages — excepting  articular  cartilage*.  It 
fM*curs  similarly  in  pallmlogical  tissues  of  which  the  life  is  feeble — f./, 

in  uterine  myomata  after  the  eli 
teric  and  in  old  sears.  lAstly, 
tissues  loeked  up  in  the  btaiy  arr^ 
verj'  likely  to  l>ccomc  eaWifiwI 
e.g.,  thrombi  [phMiotUhM),  \wrmii 
(Fig.  .'n).  atheromatous  p«tf:lic» 
arteries,  and  <-asetMis 
results  of  /urrested  tubenniLar 
ffammation — so  common  in  li 
and  lymphatic  glanda.  Tt>e 
example  is  the  eompletr  calrtfi<'atii«i 
of  a  dead  fu?tus,  whieh  someliuir^ 
occurs  when  this  is  retained  in  the 
alxlnmen,  in  the  case  of  an  exlr»- 
uterine  ftrtation  (JithnfHnlion). 


Pia  ^\.—Cai(ij(e4  Trickima  in  MuscU. 
In  two  of  the  parasites  the  capsule  and 
contents  nrr  to  far  ca1ci5cd  that  li.inlly 
any  trace  of  the  coiUd  embryo  remain*, 
fn  the  other  the  iTichinn  \s  dead. 
fthrivalM    and    brcoinini;    intikrated. 


APPEARANCCS.  —  I.  Microscopic. — The  calcareous  |uuticlc» 

make  their  appearance  both  within  the  cells  and  in  the  intercellular  v^ 
ftUnec  :  lliey  are  much  more  frequent,  however,  in  the  latter  n^twitkiv. 
They  are  seen  at  first  as  ver>'  fine  dust  scattered  irregularly  Ihmugti 
the  intercellular  substance  (Fig.  ,S2).  They  are  ehanieteriird,  whm 
viewed  by  transmitted  light,  hy  their  opacity,  hlaek  c(»lr»ur.  irrr|r«Ur 
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tnitlint*.  ian\  sulubility  in  dilute:  uiiueml  ncitU,  usuiillv  vith  t*vti]utiou  of 
1  i-'lrs  uf  carbun  ilioxidc.  They  jirradu&U>'  increa&e  in  number  until 
<  '  -i-itely  large  tracts  of  tissue  may  be  converted  into  an  opaque 
cftlcarcous  mass,  in  which  the  cells  are  enclosed  and  can  no  longer  be 
recognised.  These  larger  masses  have  a  sharp  black  irregular  outline, 
and  aj»  the  caleitieation  becomes  complete,  acquire  a  homogeneous, 
gliiitening,  se mi*t ran. s parent  a])pearanc'e.  The  celU  themselves  are 
mueii  less  frequently  infiltrated,  being  merely  enclosed  and  obscured 
hj    thtr   calcified   intercellular   substance.      Calcareous  particles   may. 


Kic.  S2.^A  CaJcijffd  Sarcoma,  Minute  calcareous  particles  are 
scatlered  through  the  intercellular  substance;  on  the  left  so 
thickly  iis  lo  almost  conceal  the  cells,      y  200. 

however,  make  their  apj}earance  in  the  protoplasm,  and,  gradually 
increasing,  convert  the  cell  into  a  homogeneous  calcareous  body. 
Calcificutiun  of  ganglion  cells  alone  is  not  uncommon  in  degenerative 
|iroce««e&  in  the  brain. 

If  the  saline  matters  are  d!Hs<ilvcd  out  with  a  little  dilute  mineral 
arid,  the  structure  of  the  part  may  be  again  recognised,  urdess,  indeed 
— mm  U  ao  often  the  case — it  has  been  destroyed  by  some  antecedent 
dMAge. 

tt.  Naked  Eye.— Apart  from  the  niirrf>scope,  calcification  can  be 
ri-cogni«cd  more  readily  by  touch  than  by  sight.  If  the  calcareous 
particles  cohere  in  minute  groups,  such  as  is  common  when  the  process 
Kuccec<ls  that  uf  caseation,  a  white  mortar-like  substtince  in  pruduced. 
Wtieu  the  cuhr^ioii  is  more  marked,  the  deposit  is  comparable  to  /inc 
sand ;  and  all  stages  between  this  and  sulid  stony  maues  may  not 
infincqucntiy  be  met  with.  The  latter  break  with  an  irregular  surface 
and  present  a  yellowish  or  greyish  aspect. 


EFFECTS. — A  calcified  part  is  dead  and  inert.    It  therefore  under' 
goes  no  further  chaxige.     In  this  re>pect  calcareous  diffen  from  i^tty 
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degeneration^  in  wliich  subsequent  ehanges  invArinbly  take  pUce — 
either  softenings  caseation,  or  calcification.  It  difiers  alfto  in  its  rffcA 
upon  the  tissue ;  for,  unlike  fatty  metamoq>hosis,  it  does  not  cnoe 
annihilation  i>f  the  tissue-elements.  The  tissue  is  simply  impregiuited 
witli  calcareoUH  matters^  which  have  no  other  efl'ect  upon  it  than  to 
render  it  inert ;  its  vitality  is  destroyedi  but  its  structure — in  so  far  as 
the  calcification  is  concerned — remains  unaltered. 

Calcification  must  thus  1>e  looked  u|Mm  in  many  cases  as  a  aalotary 
lesion,  the  impregnation  with  calcareous  matters  preventing  subseqtieot 
changes  in  the  part.  This  is  especially  the  case  when  it  occur*  in 
caseous  tuhcrcular  fod,  as  it  imprisons  the  cause  oi  the  diseaMr*  It  is 
doubtful  whether  calcification  of  a  tumour  is  of  any  benefit  to  the  patimt, 
for  the  infiltration  is  probably  limited  to  the  dead  or  dying  ports  o^ 
the  growth  and  does  not  hinder  its  spread.  On  the  other  band, 
when  it  affects  the  arterial  system,  calcification  may  be  attended  with 
the  most  deleterious  consequences,  as  will  be  seen  in  tiic  following 
section. 


Calcification  of  Arteries. 

Calcification  of  arteries^  like  fintty  degeneration,  may  be  primary  or 
secondanf.  As  a  secondary  change  it  occurs  in  atheroma  and  fonas 
one  of  its  final  stages.  In  this  form  it  is  constantly  met  witli  in  tlie 
aorta  and  its  branches,  and  in  many  other  situations. 

Primary  calcification  is  essentially  a  senile  change,  a  rrsult  of 
that  inqNurment  of  nutrition  which  apjiears  and  increases  as  life 
advances,  but  which  appears  earlier  and  increases  more  rapidly  in  aocae 
than  in  others.  The  change  is  more  or  less  general.  It  is  assuciatrd 
with  atrophy  of  the  arterial  tissues,  and  in  some  cases  with  fatty 
degeneration.  It  usually  occurs  in  vessels  of  medium  sixc,  the  artcrki 
of  the  upper  and  lower  extremities  and  of  the  brain  being  those  most 
commonly  affected.  Its  most  common  seat  is  the  middle  coat,  where 
it  commences  in  the  muscular-fibre  cells.  The  rnlcareous  particiles, 
deposited  from  the  vosji  vosorum,  make  their  appearance  at  first  around 
and  within  the  nucleus,  and  gradually  increase  until  tlicy  fill  the  cell, 
which  becomes  converted  into  a  small  calcareous  Hoke,  The  proccH 
may  go  on  until  the  nmscular  coat  is  completely  calcified  ;  or  It  may 
be  limited  to  isolated  portions  of  Uie  csoat,  giving  rise  to  numerous 
irregularly  distributed  calcareous  rings  and  plates.  These  are  best 
«ecn  in  vessels  clarified  in  spirit  and  turpentine.      From  the  muscular 
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It  mar  ext<fn(l  to  the  external  and  internal  coats,  until  ultimately  the 
ve6»ct  becomes  calcified  throughout. 

The  vessel  thus  calciBcd   tuses   its   elasticity  and  contractility ;   its 
lamen  is  diminished,  and  it  is  transformed  into  a  hard,  rigid,  brittle 
or  "  pipe-stem  artery''     Such  an  artery  is  strengthened  a^inst 
Ltation,  but  is  predisposed  to  rupture  :  in  amputations  great  difficulty 
ly  be  found  in  securing  such  vessels,  as  ligatures  cut  thnmgh  them 
once     The   imtritiua   of  jiarts   supplied   by  them   is  more  or  less 
iptttred,  and  tubular  calci6caUon  of  the  arteries  of  the  lower  limb 
>furtf   predisposes  to  '*^ senile   gangrene"  (p.   i24),  inasmuch  as   it 
ider^  the  vessels  less  able  to  adapt  themselves  to  the  varying  require- 
of  the  circulation. 


CHAPTER   VIII. 
PIGMENTARY  DEGENERATION. 
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iMKNTAitY  Degeneration,  or  Pigmentation,  consists  in  an  abnormal 

Ltion  of  pigment  in  the  tisanes. 
'onnally,  many  pigments  occur  in  the  body,  and  probably  all  are 
racults  of  celt-action  upon  hannoglobin.  Some  of  them  pass  out  in 
firm  and  urine ;  others  are  deposited  as  norma]  constituents  in 
I,  th«  best  examples  l>cing  the  cells  of  the  rete  Malpighii  (especially 
the  negro)  and  those  of  the  pigment  layer  of  tlie  rrtina.  But 
pigment  is  not  limited  to  epithelial  cells ;  it  exiats  in  the  cells  of  the 
choroid  and  iris,  of  the  sclerotic  (lamina  ftuca),  and  of  the  pia  mater. 
Miacle  abo  is  pigmented,  and  yellow  or  brown  gnonle*  wamy  aometimea 
be  ■sen  in  the  heart 

Pathological  pigmentaboBa  may  be  arranged  muIcT  lour  hcadiaiga, 
•ceording  as  the  pigment  Ki  derived:  (1)  directly  ftum 
(2)  from  the  blood  by  crii-(tctmm  ;  (3)  from  6Ut ;  (4)  Fi 
iitikrtaMce*  introduced  into  the  body. 

1.  Hgmatic  Pi^meats,  pt  tboae  dcsivtd  Erectly  ham 
arc  tlie  ronmuniest.     Ued  eorprndra  break  Bp,  and  thrrr 
beetma/ea  diiaolved.     This  Biagr  oeeor  tiMhtr  within  the  if  cit  (i 
aeptic«mU)»  whkh  kt  nacommaOp  at  after  esca^  of  the 
into  ibc  tmatu^.    The  Utter  is  dac  cdhcr  to  wiaaadb  or  nptrnm  ai 
thr  vv«sel*v  or  to  congotwo  ur  m^imama^km  widhaa 
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the  vesseUwaU.  Such  causes  of  pigmenUtion  are  common  ;  witnotttibe 
frequency  of  bruisc-s  and  apoplexies,  of  congestions  from  varicxise  veins 
porta]  obstnu'tion,  and  cardiac  incompetence,  and  uf  litainH  after  v&Hnm 
inHainnmtory  lesions. 

All  are  familiar  with  the  clianges  in   colour  which   occur   aflrr  a 
bruise — first   purple,  then   preen,  and  finally  yellow.      These  c?uloa^ 
changes  are  due  to  corresponding  tissue-ehnnges  which  fidlnw  the  infil- 
tration of  the  skin  by  the  extravasated  blood.     BrieHy.  thcM-  changes 
are  as  follows,    I.  Some  of  the  Huid  and  cells  are  al>sorbcd  at  ofiee  hf 
the  lymphatics.     2.  The  haemoglobin  is  dissolved   out  of  many  iw! 
cells,  and  the  stromata  disapjjear — nn  doubt  after  fatty  degenrmtiotL 
A  red  fluid  is  thus  formed  which  infiltrates  the  tissues,  and  stains  thcin 
yellow  or  bruwnish-red ;  the  cells  arc  coloured  more  deeply  than  ihr 
intercellular  substance,  or  than  the  membranous  or  fibnms  Ktructum 
*J'he  colour-changes  on  the  surface  arc  owing  to  changes  in  thi»  d*»- 
solved  hcemoglobin,  which  is  soon  decomposed  into  hcematin  and  «n 
albuminoid  body ;  part  of  the  hsmatin  is  reabsorbed  and  appean  In 
the  urine  as  urobilin,  the  rest  undergoes  a  change  aiid  is  deporJted  m 
granular  or  erystalline  haMiiatoidin.     3.  Many  corjniscles  simply  sihnt'd 
into  brownish   granular  masses  of  pigment — said  to  occur  chiefly  in 
"  hamiatomata,"    or    tumour-like   collections   of    bUxid.       4.    Many- 
according   to   some,    n»ost — red    corpuscles,   or   the    pigment    maww 
resulting  from   them,  are  taken   up  by  leucocytes,  which  wander  to 
large  numbers  into  the  extravasjilion,  and  arc  converted  in  them  into 
hiemntoidin.     The  pigment   thus   formed   may  be   deposited   on  the 
death  of  the  cell,  or  it  may  be  carried  by  the  cell  into  the  lyniphatin 
when  it  will  probably  be  arrested  in  the  nearest  lymphatic  glands,  the 
lymph-jMths  of  which  will  be  found  beautifully  marked  out  hy  pigment; 
or  it  may  pass  through  into  the  circulation  and  give  rise  to  pigmtnt* 
emboli  of  various  organs. 

Utrtnaiuiciin  ap|x*Mrs  to  be  closely  allied  to — according  to  somCi 
identical  with — the  colouring  matter  of  the  bile,  bilirubin,  whi<4i  « 
also  a  derivative  of  hoMnoglobin.  It  exhibits  similar  reactions  when 
treated  with  coneentmted  minend  acids,  displaying  the  same  variations 
of  green,  blue,  rose,  and  yellow  colours.  It  is  insoluble  in  water, 
alcohol,  ether,  acetic  acid,  and  in  dilute  mineral  acids  and  alkalies;  it 
is  soluble  in  concentrated  acids,  and  in  the  caustic  alkalies,  giving,  in 
the  latter  case,  a  red  colour.  It  does  not  contain  iron.  Mtxe<l  witli 
hsematoidin,  and  very  closely  resembling  it.  is  n  pigment  contatniim 
iron.     This  has  been  named  "  htemosiderin." 
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KiG.  33.  —  //nfmaiattiin 
Cryitati.     (Virchuw.) 


'rbt!»c  final  sUges  of  extravasated  blcxid  occur  in  two  foniis — granular 
and  crystalline.  Roth  are  of  a  very  permanent  nature,  and  may  remain 
unaltered  for  years. 

The  granules  of  ha*raatoidin  vary  in  site  from  the  smallest  particles 
to  masses  as  large  as  n  red  blcKKl-rorpusclt*.  The  larger  are  connnonly 
^pcgular  in  sha|>e,  sharply  cU-fined,  and  more  or 
^BtaB  glistening.  Their  colour  varies  from  yellowisli 
^Bd  to  brown  or  black ;  the  older  they  are  the 
Hkrker  they  beoonio.  'I"he  smaller  granules  are 
usually  dull  and  opaque. 

The  crystals  of  liiematoidin  are  upnquc  rhombic 
usually  of  a  benutiful  yellowish-red  or 
niby-rrd  colour,  sometimes  iipproaching  to  brown 
or  black.  They  may  al^o  occur  as  little  plates  and  6ne  needles, 
but  thcM*  are  less  common  forms  (Fig.  "A^t).  They  arc  in  most  ciueit 
ItaMp  4mall  thut  Clin tiide ruble  care  'v<  I'equired  to  recognise  their  cr\'«itallinr 
^^iturr  under  the  micr<iscope,  and  they  may  easily  be  overlookt-H  «»* 
merely  irregular  granuhu*  masses.  In  some  cases,  however,  they  attain 
A  Urgrr  size.  They  arc  more  or  le«  transpArent.and  prewrnt  asliining, 
»lptmgly  refracting  surface. 

lutcnsely  black  pigir»rnt,  granular  or  rrj'stalline,  has  been  called 
nr/nm.  This  tenn,  hs  at  present  employed,  includes  several  different 
pLgnieiita ;  some  containing  iron  and  some  free  from  it. 

Whrlher  htrmoglobin  is  converted  into  granular  or  cr^'stalline  liarma- 

toidin  npjK'ars  |>Jirtly  t*i  depend  ujxm  the  tissue  in  wtiich   it  \^  tiituatcd^ 

cryNtals  being  exceedingly  common  in  some  situations,  e,^.,  the  brain 

^^Md  ovarieit ;  wherea-s  in  others,  e.g..  mucous  membranes,  oidy  granules 

^■pc  met  with. 

"         According  to  Kunkel,  wme  of  the   pigment  left  by  hsmoglobin  b 

Krc  hydratnl  peroxide  of  iron. 
As  to  tbe  ultimste  &te  of  extraraaations  : — 
I.    ^'  ci  uijiy  be.  and  in  vascular  parts  often  Is*  to  the  naked 

e.   >  .   but  cnt-^tais  or  granules  of  hKOMloidfai  majr  not  In* 

frequently  lie  fourrd  by  the  raienisoope.     2.  A  yellovisb,  brownkb,  vt 
ekuh  «ear,  from  granalsr  or  crystalline  pigment,  nay  nnvk  the  A« 
destructiim  uf  tt*aur  by  liainmrtisy.     S.  A  coOectlon«f  nrwie- 
iir  rhoooUte   oolottred  flttkl  may  long  rernsiu   Mirruanded  bv  a 
e  uf  inflammatory  tJMiif,  often  lined  by  laycn  vf  cioft^  nmre  or 
deoolofbed  and  orfcanbed  (hamatmna) ;  tlM*  itald  twtdw 
kndfiagnauksanddioleatatocmlak.   4.  TW  frid  mm^  b« 
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and  the  clot  bccHimt:!  completely  de('olon^ed  atid  orgnttiscd — a  grnid 
example  of  which  is  seen  in  the  so-called  "  nieinbranous  pac^vtncnli^ 
gitis."  The  process  cnn  frequently  be  watched  in  HM'ptic  wcvundL 
5.  A  cyst,  M'ith  more  or  less  pi^iiiented  wnlls  cuutaining  clear  Udi 
may  be  left — especially  in  the  brain. 

l^j^entjLtion  is  a  very  eominoik  fumi  of  degeneration,  but,  fortn* 
aately,  one  of  little  importiince.  The  pre&ence  of  pigtneot  In  or 
between  the  cells  of  a  tissue  can  have  little  effect  on  the  elements  or 
their  functions:  any  disturbance  of  these  mu^t  be  attributed  rather  to 
the  conditions  upon  which  the  fonnation  oi'  the  pigment  depends.  As 
evidence  of  antecedent  conditions  (hu-raorrhn^e,  congestion  or  inflam- 
mation), the  presence  of  ha'matoi<Uix  may  sometimes  stand  alone — f.g., 
at^er  cerebral  ha*morrhagc  from  capillaries,  cr^'stals  of  iia'matolditl  may 
alone  remain;  again,  slate-grey  discoloration  of  the  intcfttinal  muc«9i 
points  either  to  chronic  catarrh  or  portal  congestion,  and  tJtat  ot  tbc 
vesical  mucosa  to  chronic  catarrh.  Slate-grey  discoloration,  sern  povt- 
mortem  on  solid  abdominal  viscera,  and  depending  on  the  action  of 
sulphuretted  hydrogen  (from  decom|>osition)  u]mn  the  iron  in  hiniM^ 
globin  must  not  be  mistaken  for  true  pigmentation. 

-2.  Pigment  derived  from  the  blood  by  cell  actloB.— 
The  chief  examples  of  this  ch.inge  are  melanotic  warts,  nirvi,  hmrto- 

mata,  and  earcinomata.     The  pigment  llc«  in 
^    V  the    cells   more   often  than   between   thcin.  te 

granular,   and  varies   from  yellow    to  black  ia 

^      9  ^^^^^^        colour;    it  probably  contains   iron.      It  diffeim 

'^  »pectroscopically    from    all    known    blood.pig. 

ments.    and    is    often     included    aiuong    tlie 

nielaniiib. 

The  bronzing  of  the  hkin  in  Ad<lison's  di»- 

cAse  is  not  satisfactorily  explained.     IrHtatinn  of 

the  abdominal  sympathetic  Ls  believed  to  came 

increased  pigmentation. 
Variations  in  the    nonual    pigiuentatioa  of  the  skin  occur  during 
pregnancy   and    with    various    uterine    troubles,    in    leucodcnua    ami 
melanodemiii ;  but  no  certain  explanation  of  these,  or  of  blanching  of 
the  hair  frr»ni  neuralgia  or  friglit.  can  be  offered. 

:i.  Pigmentation  from  Bile. — I'hc  only  well-4<!stahlislird  ciui»c  of 
this  variety  is  obstruction  of  the  hepatic  or  of  the  common  bile  ducL 
This  is  most  fre<|uently  due  tt>  swelling  of  the  walls  from  catarrhal 
infUramation,  to  blrM*kiug  of  the  lumen  by  gall-stones,  or  tt>   (he   prc»- 
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«urc  of  a  growth  outside  the  duct  The  bile  secreted  behind  the 
obstruction  is  absorbed  by  the  veins  and  lymphatics,  und  distributed 
throughout  the  U>dy.  It  appears  first  in  the  urine,  soon  after  in  the 
coujuuctivte  and  skin,  and  may  ultimately  stain  all  the  tissues  yellow  or 
greenish-yellow.  The  staining  of  the  skin  is  known  as  Joundice  or 
igtenu,  and  persists  some  time  after  the  bile  has  ceased  to  circulate  in 
bhxKl.  When  the  seat  of  obstruction  is  in  the  small  bile-<luets,  as 
irrbosis,  the  change  may  be  limited  to  small  areas  of  the  liver. 

pigmentation  is  due  to  diffuse  staining;  but  granules  and  even 
bilirubin    wre    occasionally    found,    especially    in    icterus 

With  regard  to  the  slight  jaundice  that  occurs  in  septicuemiiij  the 
nudignant  fumis  of  acute  infective  fevers,  and  some  other  diseases,  no 
laarkcd  ul»^truction  can  be  demonstrated  in  the  ducts,  and  the  exact 
is  doubtful.  It  is  probable  tliat  both  increased  consistence  of  the 
i,  and  diminished  pressure  in  the  blood-vessels  may  each  cause  the 
ion  in  tjie  ducts  to  exceed  that  in  the  blood-ves^^els,  or  at  any  rate, 
|tfae  lymphatics,  and  thus  induce  a  slight  absorption  of  bile  into  the 
Is,  and  a  consequent  mild  degree  of  jaundice.  This  is  tJie  most 
ible  explanation  of  many  of  tiie  doubtful  cases 
r4w  Pipnentation  by  extraneous  ■ubstances.  —  ExamplcM  of 
form  of  pignuMtation  occur  in  the  lungs.,  the  ikin,  the  lymphatic 
ids,  and  the  mucous  membranes.  The  substances  accredited  wUh 
production  are  carbon,  silver,  lead,  arsenic,  and  such  pigment* tt  nny 
:iued  artificially ;  to  these  may  be  added,  in  rare  instaocOy  neteutjf 
picric  acid. 

le  inhalation  of  fine  ]>articles  of  carbon  and  other  ■^ff^r^Mi^'fif 
luces  pigmentation  of  the  lungri  and  bronchial  glaoda.  Thi^  It  of 
Table  importance  and  will  be  de«cril>ed  in  the  next  •eeUoo. 
prolonged  administration  of  salts  of  silTer  leads  to  tlie  develop* 
in  the  skin  and  adjacent  mucons  membranes  of  a  pceol&ar 
roisb-grey  colour.  That  portion  of  the  metal  which  fimli  lU  waf 
these  puts  is,  owing  most  probably  to  the  acUoo  ci  the  Ugbt, 
deposited  as  an  oxide.  This  condition  is  known  a*  afgwriaais.  It  le 
permanent. 

Tlic  prcsetkcc  of  lead  in  the  tnsaes  is  often  dawmitnted  b^  the 
occurrence  of  a  narrow,  well-defined  black  Itac  m  thegUM  where  f  h«>y 
ant  in  ooatart  with  the  teeth.  It  ii  due  to  the  actioa  of  the  MlphuretU^ 
fafdrogrn,  given  oC  by  the  deootopoaing  matter  which  eotiect*  between 
the  mocous  membrane  and  the  teeth,  upuo  the  lead  la  the  adjaeciit 
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tissue.  The  •' lead-line  "  is,  therefore,  usually  broken,  and,  in  Owie 
whose  teeth  are  kept  thurfiu^hly  clejtn,  often  «bsent,  even  though  other 
symptoms  of  lead  poisoniii|[f  may  be  present  I'iginentJition  of  the 
mucous  membrane  of  the  larf^e  intestine  has  been  f(»und  a&sociatnl 
with  the  presenec  of  eonsiderable  quantities  of  lead  and  of  mercnrj 
respectively  in  that  part  of  the  alimentary  tract. 

In  tattooing,  artifieiHl  ]>ignient.s  are  placed  in  the  deef)cr  Uyrr%  of 
the  skin.  Must  of  the  pigment  remains  in  its  tiriginal  position.  Of 
the  remainder,  some  is  devoured  by  wandering  leucocytes,  and  soinehl 
washed  on  into  the  lymphatics  and  Altered  out  by  the  glands  where  it 
is  retained. 

Dead  ti4Wift  in  process  of  separation  are  frequently  discotoural' 
black,  greenish-bhick,  or  slate-grey — by  the  action  of  sulphuretted 
Iiydrogen  ;  and  atntphini  orgatix,  in  which  the  pigment  w,  as  it  wcit. 
(Hmcentrated,  oi\cn  appear  darker  than  normal.  Neither  of  tliese,  how- 
ever, is  an  inHtiiiice  ttf  (rue  pigmentation. 

Pigmentation  of  the  Lnngft. 

In  no  organs  is  pigment  met  with  so  frequently  and  in  such  largr 
quantity  as  in  the  lungs,  and  much  discussion  has  arisen  ai  to  it» 
nature  and  origin.  Its  amount  gradually  increases  with  advaiicin|^  age 
— the  lungs  of  infants  being  free  from  it,  whereas  those  of  lulults 
invariably  contain  considerable  quantities. 

This  pipneiitation  of  the  lungs  is  due  principally  to  the  presence  et 
carbon,  and  not  of  hieniatoidin.  The  carbon — derived  from  incomplete 
ct>nibustion  of  wood,  coiil,  and  other  substances,  and  always  present 
varying  ({uantities  in  the  atmosphere — is  inhaled,  and  the  minute 
particles  |ia.ss  into  the  finest  bronchi.  Many  are  taken  up  by  mueu^ 
cor|iuscles.  and  may  be  seen  as  small  black  granules  in  tJie  cells  of  tJir 
greyi*ih-bl«ck  sputinn  frequently  e.\|>ect(»rtited  in  the  early  tnominie 
Much  of  the  carbon  is  thus  eliminated  by  cx|M-ctorHtion ;  but  inatiy 
|Nirticleh  |uiss  into  the  air-vesicles,  and  here,  their  removal  by  this  mean* 
l>cing  !rss  readily  effected,  they  grndunlly  jiciietrate  into  tht*  alvruUr 
walls  and  interlobular  tinsue.  Mi»st  of  the  pulmonary  pigment  is  fuunil 
In  these  situations,  either  within  the  connective-tissue  cells  or 
among  the  fibres  (Kig.  35). 

According  to  Tyndall  exhaled  ctmiplemcntal  air  is  iVee  from  partidc^ 
Th*-  carbon-piirlicles  can  be  carried  by  the  air  only  sti  far  as  it  ift 
or  coniple mental.     Any  cilia  would  work  against   the  dcbcent  of  tb 
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particle  and  its  carrier  cell.  The  iliffictilty  with  which  septic  organisms 
^n  access  to  the  minute  ramiHcations  of  the  air  |jassages  is  shown 
by  the  rarity  with  which  empyemata  from  perforation  of  the  hin^ 
pwlrefy,  and  by  tlie  ready  disappearance  of  putrefaction  in  offensive 
sputum  when  intra- laryngeal  injections  are  employed. 

'File  means  by  which  the  particles  of  carbon  can  penetrate  tlie  walls 
<»f  the  air-vesicles,  and  make  tlieir  way  int(»  the  inter-alveolar  tissue, 
liiu>  been  explained  by  Klein.     The  branched  connective-tissue  cells 


Ttti,  ^^—-PigmiH/a/itm  cf  the  l.un^.  From  a  woman,  wi.  sixty-five, 
wttb  ilight  vmphysemiu  Showing  ttte  situation  of  the  pignicnl  in  the 
thickened  jlveolar  walls,  and  around  the  blood-vcsbcl  v.  The  walls 
of  the  latter  ore  also  thickened  and  its  Imiicn  diminished,     x  75. 

nf  ihe  alveolar  walls  send  a  process,  or  a  jjreater  or  less  ]x>rtion  of  their 
liody,  between  the  epithelial  cells  of  the  alveolus  into  the  jdveolar 
mvity.  As  these  connective-tissue  cells  lie  in  the  serous  canals  which 
njtDKtitute  the  commencement  of  the  iK-rivascuIar  lymphatics,  it  is 
ewy  to  understand  how  the.sr  ojH'uinf^  in  the  alveolar  walls  (pseudo- 
Htoinata)  may  beciime  siitticienlly  distended  to  allow  cells  and  other 
Mil>stancc'*  to  |Kiss  thr«»ujfh  fr<tni  the  alveol.tr  cavity  into  the  inter- 
alveolar  tisstie.  Witen  once  the  carbon  has  made  its  way  into  the 
inter-lobular  tissue,  some  of  it  is  taken  up  by  the  fixed  cells  in  this 
Mtuation.  whilst  that,  which  is  not  thus  detained,  jMisses  on  to  the 
hinphatics,  and  is  drp<»sited  in  tlie  bronchial  lymphatic  glands,  where 
the  hlaclc  particles  are  also  visible.  The  wandering  leucocytes, 
pmbahly  convey  particles  from  the  lumen  into  the  mucous  membrane 
uf  Ihe  Immchi. 

C-lo<»ely  allied  (u  this  physiological  pigmentation  uf  the  lung  fruui 
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the  inhalation  of  cjirbon,  nre  those  morbid  conditions  which  mak 
from  the  inhnUtion  of  particles  of  coal,  stone,  iron,  and  otherMitwtvica 
— of  which  the  lungs  of  miners,  stonemasons,  and  jfrindrr*  Jiffwd 
frequent  examples.  Here  «Uo  minute  ]>urticles  enter  the  brondu, 
penetrate  the  walls  of  the  alveoli,  and  are  deposited  priiicipallr  in  tfar 
interstitial  tissue.  In  the  cose  of  miners — in  which  this  it  moKt 
common — the  pjirticles  of  e*MiI  enter  the  Inn^  in  such  Ur^  quantitia 
as  to  give  to  them  an  almost  uniform  dark  black  colour  (amlkraeam). 
In  stonemasons,  grinders,  and  others,  the  lungs  also  become  dcvptf 
pigmented  (^siiicosU),  although  to  a  less  extent  than  those  of  rainen. 

'Hie  black  colour  of  the  lungs  in  these  eases,  however,  is  not  entirrlr 
due  to  the  presence  of  the  inhaled  substances,  but  })artly  to  UuS  oC 
hurmatoidin.  The  inhaled  and  irritating  particles  set  up  infljunnutofT 
changes  in  the  bronchi  and  pulmonarj'-tissue,  causing  chronic  bnmehitii^ 
chronic  catarrhal  pneumonia,  and  a  large  increase  in  the  fibrous  tiffW 
of  the  lungs,  whicli  thus  become  consolidated,  tough,  and  fibmu*.  I> 
the  most  severe  fortus,  ulceration,  starting  from  the  bronchi,  pniducti 
cavities  ("  Colliers*  "  and  "  Knife-grinders'  Phthisis  ").  Owing  to  ihctt 
structural  changes  there  is  a  considerable  escape  of  red  corpuite 
from  rupture  of  capillaries  or  inflammatory  exudation,  and  henci*  a  buje 
formation  of  pigment,  to  which  much  of  the  dark  colour  nf  these  Ini^ 
uuist  undoubtedly  be  ascribed.  The  lungs  of  stonenuisons  and  griadcn 
are,  like  those  of  miners,  deeply  pigmented,  though  to  a  less  degrw* 

but  the  black  colour  in  the  former  cisei 
cannot  be  entirely  accounted  for  on  the 
supposition  that  it  is  due  to  the  pre»et»fe 
of  inhaled  particles.  Oirbon  |)article«  art 
black,  angular  and  very  variable  in  tiic 
and  shape.  Tliey  are  unaffected  by  rtraaft 
acitLs  and  alkalies.  Pigment  derived  (ran 
the  bl(H)d  is  generally  brownish  Afld 
granular. 

Pigmentation  of  the  lungs  from 
presence  of  hannatotdin  oecura  «s 
result  of  many  other  morbid  conditioixti 
many  diseases  of  these  organs  iKin^ 
attended  by  the  formation  of  pigment.  In  chronic  phthisis,  pigment^: 
tion  occurs,  partly  as  tlie  result  of  the  inflammatory  process,  and  partly 
from  the  otwtniction  of  the  vessels  caused  by  the  new  tissue.*  lines 
of  pigment  are  coustimtly  leen  surrounding  the  nodules  of  conaoUd*- 
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th<r  minute  {p^nuln  of  pignirnt 
within  the  cells.  Some  of  ihe 
orlU  aUo  contain  a  few  fany 
moleculrs.     x  400. 
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In  acute  croupous  pneumonia,  the  blood  which  is  extravasated 
into  iht  aip-vesicles,  and  which  in  the  vnr\y  st^i^es  p^ves  to  the  expec- 
tflrition  a  rusty  or  prunc-juicc  colour,  subsequently  becomes  converted 
intn  pifrroent,  and  the  sputum  becomes  of  a  grryish-black  ;  the  pigment 
gmnulcs  !>rinji  visible  in  the  newly-fonned  cells.     The  cells  met  with 

^n  Uic  sputum  of  bninchitis  also  contain  ^^ranules  of  pigment  (Fig.  36)  ; 

Hpd  pigmentation  plays  an  important  part  in  the  condition  of  the  lungs 

Hbtnii  AS  brown  induration. 

^  Pipncnt  in  the  lung  usually  occurs  as  black  irregular  granules  ;  it  is 
rircly  met  with  in  a  crystalline  form.  In  all  cases  in  which  it  is  found 
in  nay  quantity  in  the  lung  it  is  found  in  the  bronchi/d  glands  also. 
It  iif  uken  up  by  the  lymphatics,  and,  like  the  inhaled  carbon, 
btcomes  arrested  in  its  passage  through  these  glands,  where  it  remains 

JJTOioenlly. 

^^f  CHAPTER   IX. 

P    NUTRITION  INCREASED.    HVPERTROPHV. 

The  morbid  processes  thus  far  described  have  been  attended  cither  by 
it  or  by  impairment  of  nutrition;  there  remain  to  be  considered 
in   which  the   nutrition   is  so   changed  that   fnnn.ition   exceeds 
and  growth  results.     They  include  hypertrophy,  regenera- 
and  ttunotir-fonnation. 
iornial  growth   depends  upon:  (I)  the  inherited  tendency  of  the 
to  grow ;  (8)  the  supply  of  food  ;  and  (3)  the  amount  of  waste. 
jUI  abnormal  overgrowth  one  or  more  of  these  factors  are  at  fault. 
i«,   however,  a  marked  dJstin<-tion   between    hypertrophy  and 
^nmttion  on  the  one  hand,  and  tumour-formation  on  the  other.      In 
fonner  the  new  tissue  is  an  exact  reproduction  of  the  ori^^nal,  and 
the  some  function  ;  in  the   latter,  the  structure  of  the  new  tissue 
lot  an  rxact  rcpro<luotif»n  of  the  ohl,  and  the  arrangement  of  its 
lents  is  still  more  distinctive,  while  no  tumour  possesses  any  known 


Hypertrophy. 

lypertrophy   may  l>e  defined  as  an  "increase  in  the  size,  weight, 
functional  acUvity  of  a  part  beyontl  the  limit  of  health,  due  to  an 
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ortlerly  enlargement  or  multiplication  of  all  its  normal  runstitaftib.'* 
From  this  definition  it  will  be  seen  that  the  riatuir  of  the  procev  i» 
strictly  physiological ;  in  extent  only  it  is  pnthnlojuficAl.  External  fnna 
and  minute  structure  alike  exhibit  a  single  change  — tluit  of  mju-.  The 
weight  of  an  hypcrtn»phied  organ,  however,  gives  the  uwtsi  rvlialilr 
indication  of  the  extent  of  the  change.  Strictly  projiortional  tu  the 
increase  in  size  and  weight  is  that  in  functional  activity. 

The  terms  **  false  hypertrophy  "  luid  "  pseudo-hj-pertrophy  "  arrosed 
to  indicate  that  the  increase  in  size,  while  presenting  a  saprHknl 
resemblance  to  hypertrophy,  is  due  either  to  the  unequal  orrrgrowlh 
of  the  tissue-elements,  or  to  the  growth  tif  unly  one  of  them — often  nt 
the  expense  of  the  rest ;  and  that  then'  is  no  increoHe  in  fuBctlflwl 
activity.  Thus  pscudo-hyj>ert.rophic  nuiscular  paralysis  is  clunr* 
tensed  by  a  marked  enlargement  of  ccrtiiin  muscles,  due  to  an  iiicieur 
in  their  c<mnective-tissuc  elements,  and  Hrcum|>tinie<l  by  ntmphv  of 
the  muscular  tissue,  and  diminished  functional  activity. 

Hypertrophy  is  said  to  be  "  simple  "  when  it  is  due  to  an  incrtatf 
in  the  size  of  the  elements  of  the  affected  |Kirt ;  ^*  numericnl,"  when  tp 
increase  in  their  number.  The  latter  is  also  called  hyperplasia.  Iliac 
terms  are  of  little  pracHcal  value;  ff»r  hypertrophy  is  in  nearly  all 
cases  believed  to  be  nuuicrical  :  and  in  most  cases  it  is  simple  a»  uelL 
In  the  great  example  of  physiological  hypertrophy — the  gravid  utenii 
— some  of  the  muscular  fibres  may  l>e  ten  times  tlieir  normal  size. 


JETIOLOGV. — In  many  eases  we  cannot  say  how  far  a  gJTca 
instance  of  hypertmphy  is  due  to  excessive  vitxl  energy  of  the  rcll»  of 
the  part,  to  the  setting  aside  f<ir  its  embryonic  rudiment  of  too  \»fge  a 
number  of  cells,  to  diminution  of  the  resistance  to  gn>wU>,  to  «a 
ampler  fo<»d-suj>ply,  or  to  diminished  waste. 

In  a  large  ntiml}cr  of  cases  hypertrophy  seems  to  oc4Mir  as  a  rrxponar 
to  a  demand  which  has  arisen  for  increase<i  work.  Thus  a  dilficultr 
arises  in  the  rirculation.  It  may  l>c  due  to  a  narrowing  in  tbc 
arterioles,  or  to  olistniction  at  one  of  the  orifices  of  the  heart,  or  to 
some  interference  with  the  movements  of  the  heart-walls  thrm^elimi, 
Huch  as  may  be  caused  by  the  permanent  adhesion  of  the  vtsccraJ 
parietal  surfaces  of  the  pericnrdium.  Under  the  altered  eoodi 
the  nonnal  blood-How  can  only  be  maintained  by  increased  fitnctkMul 
activity  on  the  (tart  of  the  heart.  Now  it  generally  happcYUi  thai  iM> 
proportion  as  the  ditticulty  gradually  makes  itself  felt,  so  the  part 
|HUts  of  the  heart  upon  which  the  extra  work  retpiired  falls,  gradually 
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irtTophy  :  thus  the  incren-sed  demand  is  pcnnanently  provided  for. 
the  vune  time  the  supply  oF  bliKnl  tliroiigh  the  coronaries  is  also 
»»sed.  It  would  seem,  uideed,  that  this  is  tlie  connecting  link 
twccn  tJie  incrcasfd  functionHl  activity  and  the  production  of  the 
:rtrophy  ;  for  if,  through  dinoasc  of  the  coronHrics  or  other  wiu^r, 
iiifTfjiK-  in  the  blood  supply  to  the  heart  cannot  be  effected,  the 
|ui«te  hypertrophy  does  not  occur.  When  hypertrophy  arises  in  Huh 
*»¥  it  is  termed  "  compensator)'." 
The  |)owcr  of  an  organ  thus  to  h)'}>ertrophy  is  by  no  means  un- 
litcd.  One  <4ource  of  liniitation  is  very  clear :  this  is  in  the  blood- 
ily. If,  in  any  way,  the  quality  of  the  bhwd  deteriorates,  or  the 
vessels  l>econie  rigid  or  partly  obstructed,  not  only  is  increased 
jTYivth  an  impossibility,  but,  as  lias  already  been  said,  lutly  de^encrii- 
wili  inevitably  ensue  (p.  -1-J»),  The  other  clUef  source  of  limitation 
in  the  '*  growing  ca|»iu'ity "  of  the  cells.  When  the  original 
CMC  is  of  a  |)n>grcssive  character,  or  when  its  ravages  are  increased 
tlir  help  of  allied  diseases,  it  is  clear  that  there  must  come  a 
If  when,  even  though  the  eoronarj-  circulation  be  apparently 
!,  Uic  inherited  capabilities  of  the  cells  will  fail,  atid  gnjwth 
lUy  cease.  W*c  know  very  little  concerning  this  inherited 
inj;  eapAcity ;  but  it  is  a  very  important  item.  Probably  no 
of  the  blood-supply  could  bave  a  thymus  gland  from  atrophy 
*  increase  the  number  of  adult  ganglion  cells. 

^hcn  muscle  contracts  fretjuently  again<.t  an  incrcawrd  load,  it  hyper- 
^wpliicb — as  is  seen  in    training — unless    the  load   is  tott   hca^y,   when 
jy  may  result.     Frequent  contraction  alone  is  insufficient^  far  the 
les  of  hands  used   actively  but  not  forcibly  do  not  enlarge,  nor 
frequent    micturition    in    pyelitis   followed    by   thickcttifig   of   the 
lUr  walls  of  the  bladder.     But  insert  an  obstnicikm  in  tlic  yrincry 
which   the  bladder  can,  by  more  powerfid  oontiactioii  over* 
^1^,  and  hypertrophy  lK-giu&.     Other  example*  of  theve  eompauaUrry 
hies   nuty  be  «een  in  the  wallft  of  the  Intestine  jnvt  ajywe 
it   stricture  or  in   thocc  of  a   vein   in  aneiir^tmaJ  tatU, 
any  vessel   thn^agli   which   an  abnormal   quantity  of  IMuod  i» 


len  au  ovgan  b  removed*  or  presented  from  fal^tfc-y  Um 
ftmction,  other  organs  which  take  on  itA  motk  hypertrophy,  rccrlHi^p 
bhkod  which  ^hixild  hare wppUrd  the  itiM^iril  organ  aa  well  aa  their 
This  ia  bat  Hcrn  in  the  kidn^ ;  iwdy  hi  the  teadh  and  Imnp 
al  of  «Kie  uilitiiaulUrrjclaiMl  i*  ont  nmi— rilj  CoBipwid  Inr  hrpCV* 
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trophy  of  oilier  salivarj-  glands  ;  this  would  ik-cut  only  from  more  fre- 
quent stimulation  of  their  seeretor}' nerves,  which  probably  produces  the 
large  tiubma\illnry  glands  seen  in  epithelioma  nf  the  tongue.  But  the 
kidneys  are  under  nerve-control  in  a  different  way  ;  they  seem  to 
be  excited  to  secrete  by  the  presence  in  the  blood  of  material  suitable 
for  their  secretion,  and  hyiK-rtruphy  naturally  results  from  continued 
greatly  increased  supply  of  bloud  etmlaining  excess  of  urea,  and  other 
products  of  tissue  metabolism.  Knlargcment  of  lymphatic  glands  has 
been  noted  after  removal  of  the  spleen.  Increased  weight  thrown  on 
a  bone  causes  thickening  of  it — e.g.,  of  the  fibula  in  ununited  fracture 
of  the  tibia. 

Repeated  hsrperaemlB  from  hard  use  and  slight  injuries  is  followed 
by  thickening  of  tlie  epitlieliiim,  as  in  a  labourer's  hand,  lender  similar 
conditions,  a  corn  may  arise.  Increased  blood-supply  to  a  limb  may 
cause  lengthening  of  a  Iwme,  if  the  rpiphysis  be  ununited,  as  has  l>ecn 
Been  in  large  ulcers,  caries,  necrosis,  and  otiier  conditions.  The  soft 
parts  increase  secondarily. 

The  hyj>ertrophied  spleen  of  inlennitlenl  fever,  and  the  thyroid  in 
endemic  goitre  (Klebs),  are  due  to  active  hypera;mia,  perhaps  excited 
by  the  presence  of  organisms.  Exophthalmic  goitre  has  been  attributed 
to  vaso-motor  paralysis  from  disease  of  the  sympathetic  ganglia,  but  it 
is  vcrj'  doubtful  if  it  could  re*iult  from  sueh  a  lesion. 

Duninished  waate  is,  Jij)|>arently,  not  a  common  cause  of  hyper- 
trophy. All  example  often  (juoted  is  the  sub-involuted  uterus,  the 
bulk  of  which  is  made  up  of  h^'jiertrtjphied  muscle,  and  coimective- 
tissue  with  thick-walled  vessels,  but  it  is  doubtful  whether  ehrtmic 
inflammation  is  not  largely  responsible  in  these  crises.  L"ncnt  hair  and 
nails,  and,  in  the  case  of  mimy  animalsj  unopjmsed  teeth,  grow  till  tlieir 
vessels  supply  only  nutriment  enough  to  maintain  them  in  their  finally 
attained  euiidition.  J'he  sclerosis  of  bone  jirodueed  by  .small  doses  o£ 
phosphorus,  the  increase  in  size  and  strength  of  animals  treated  with 
small  doses  of  arsenic,  *md  the  invigorating  effect  of  this  drug 
upon  Styrian  mountaineers,  may  jterhaps  be  explained  by  diminished 
waste. 

The  removal  of  realatancea  to  growth  is  difficult  to  ascertain. 
It  seems  to  be  a  factor  in  the  production  of  such  deformities  as  "  knock- 
knee  *' (gnm  ra/gw/H)  :  here  excessive  pressure  is  thrown  on  the  outer 
articular  surfaces  of  the  femur  and  tibia,  whilst  the  weight  borne  by 
the  inner  .surfaces  is  less  than  fumnal.  and  they,  conse(|ncntly,  grow 
excessively.     Many  scitrwits  or  hypcrtr*"»lues  of  etunicctive-tissue  follow 
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upon  atrophy  of  the  essential  elements  of  the  organ:  the  nntiinil 
resistance  between  the  two  tissues  lias  been  removed  (see  p,  123). 

There  remain  certain  cases  in  which  the  a-tiology  is  even  more  doubt- 
ful than  in  the  above.  First,  cases  of /nie  "  giani-growth" — increase 
in  length,  ralher  than  in  breadth,  being  implied ;  hypertrophy  of  the 
whole  body  (giants)  ;  of  half  the  botly  ;  of  whole  limbs  or  of  pjirts  of 
tbem,  aa  fingers  and  toes.  Such  p*irts  are,  on  dissection,  normal,  except 
in  slae.  Secondly,  cases  of /ij/je  g-i/i/iZ-^rwrM  in  which  the  wmnectivc- 
tlsiue  alone  is  increased,  the  part  being  oflen  misshapen  ;  l)iiipliatics 
■re  often  dilated,  and  the  blood-vessels  may  be  nievoid.  Examples  are 
met  with  especially  in  the  lip  {inakrochcHut),  tongue  (ntaknigiosA-itt),  jind 
lower  extremity.  Hypertrophy  of  connective  tissues  and  surface 
eputhelinm  may  result  from  an  excessive,  though  slow  and  impure, 
sapply  of  blood.  In  some  of  the  above,  which  are  congenital  or  apjiear 
toon  after  birth,  there  mny  he  evceisive  yital  energy  or  too  large 
a  nvmber  of  the  cells  forming  the  rudiment  of  the  part  or  tis.sne. 

Nothing  is  known  of  the  causation  of  senile  hypertrophy  i>f  the 
prostftte  ;  nor  of  the  enonnous,  but  rare,  enlargement  of  tlie  female 
bretst  which  may  occur  at  puberty. 


Hsrpertrophy  of  the  Heart. 

Hypertrophy  of  the  heart  has  been  already  referred  to,  but  is  nf 
fufficicnt  JmportajQce  to  merit  a  more  detailed  account. 

Tlir  whole  heart  may  be  unifonnly  affected  or  the  enlargement  may 
be  mninly  confined  in  one  of  the  two  ventricles. 

Uniform  hypertrophy  of  the  whole  organ  is  a  common  retiult  of 
adhrrt-nt  pericaniium.  By  this  change  the  sliding  action  of  the  heart 
U  intrrfrrcd  with,  and  the  work  thrfiwn  upon  its  muscular  walls  pn>- 
pcfttionutt^ly  iiicreasetl.  A  heart  thus  enlarged  may  weigli  from  twelve 
to  thirty  ounces — even  after  the  parietal  layer  nf  tin-  pcriianliuni  has 
brrn  dissected  off.  The  nonnal  shape  of  the  heart  iii, preserved,  but 
Hk  grncral  dimensions— both  external  and  internal  ^and  the  thickness 
of   its  wnlls   rare  nUkr  inrreased. 

Hypertrophy  of  the  left  Tentricle  follows  any  changes  that 
gire  ri»c  to  obstruction  at  the  aortic  orifice,  or  permit  regurgitation 
the  aorta.  It  also  follows  obstruction  in  the  arterioles  sueh  a,s 
in  Nome  forms  of  chronic  Bright's  disease.  The  weight  of  the 
frequently  exceeds  twenty  ounces.  In  shape  it  is  elongated  ; 
the  «epitum.  and  therefore  the  left  coronary  arterj',  is  displaced  ti»  the 
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right  of  its  usual  position  on  the  anterior  surface.     On  cxuniniiif 
verticAl  section  the  apex  is  seen  to  be  funned  entirely  out  of  ihf 
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Fig.  yj.—HypfrtropMyof  Left  ^V«/ru/r( front  view).  Hcttrt  isckin- 
gaicd.  Septurn  occupies  middle  of  anterior  surface.  From  m 
CRse  of  gmnular  kidney.  From  a  spednen  Id  Chariog  CJttts 
HospiuU  Nfuscum. 

of  the  left  ventriclej  nnd  the  walls  of  this  cavity  are  themseUes 
ened  (Fig.  39). 


JiA. 
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Fig.  ^.—Hrpcrtropkf  of  Right   VtniruU  (front  view).     Heart  iT 
quiidri lateral  snd  septum  is  displaced  to  the  left.     Right  auricle 
is  dilated.     Frum  a  chm!  uf  cluonic  t^onchitis  and  eniphyKOUL 
From  a  specimen  in  Charing  Cross  Hospital  Musnnn. 

Hsrpertrophy    of   the    right  ▼entricle   follows  coi 
changes  in  the  mitral  oriHcc^  and  regurgitation  from  the  lcJ\  y\ 
It  may  also  be  due  to  obstruction  to  the  (low  of  blood  through  tlie 
AS  in  emph^'senia  (p.  38).     In  this  case  the  heart  is  quadrilatenJ, 
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jls  anteriur  surface  c*>nHists  almost  entirely,  of  the  wall  of  the  right 
ventricle.  On  section  both  ventricles  are  found  to  take  about  an  equal 
«hare  in  the  formation  of  tlie  apex  of  the  orgau^  whik  the  usual  difference 
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r»c  39. — Antertor  hut f  of  Heart  (Fig. 
37>  iem  /rvm  brkind.  Left  Ventricle 
(arms  Ib4-  whole  of  apex.  Wall  of 
iK  ;  wall  of  ^r  :  t  10  :  2  (normal 
proportion  5  ;  a). 


I.V 


Fig.  40.  — Anterior  kaljOf  Heart  [Fig,  38) 
sttH  from  behind.  Right  Ventricle  is 
seen  to  take  greater  share  in  forma- 
tion of  apex  than  Lf^ft  Ventricle  does. 
Wall  of  A'K  is  much  thickened,  but 
not  so  thick  as  that  of  IcfL  Tricuspid 
orifice  and  RA  are  dilated. 


between  the  thickness  of  the  walls  is  much  diminished.  Except  iii 
CBies  of  congenital  diseasCi  tlie  thickness  of  tlie  right  ventricle  never 
reaches  that  of  the  left.  These  distinctions  are  well  shown  in  the 
accompnnying  illustrations. 


CHAPTER  X. 
REGENERATIVE    PROCESSES. 

DwrnttcTiov  of  liMuc-elements  has  frequently  been  described  in  earlier 
chapters  as  the  result  of  injuries  and  various  degenerative  and 
tnflanunator)'  processes.  We  must  now  briefly  state  liow  such  losses 
are  repaired.  It  has  already  been  said  (p.  IS)  Uiat  the  cells  of  one 
embryonic  layer  always  produce  tissues  originally  developed  from  the 
atmr  layer;  and  it  is  apparently  true  also  that  true  regeneration  of  a 
tiBiie   occurs   only  from   cells   of  that    ti&»uc — muscle    firom   muscle. 


HI,'  UK{;KNF.HATIVr,  I'ROCESSKS  IN  TISSURii 

cpitiieliuni  &om  epithrlium.  Any  farm  of  connective-Uasur  iMfJ 
hdwever,  give  rise  to  any  other  form — areolHr  tissue,  bone^  cutiUf(r,&c 
With  regard  to  tlic  origin  of  these  tissues  from  leucot*ytcs — If  lhk\ 
ever  happen — the  latter  must,  when  we  consitler  their  sources,  be 
sidered  as  coimective-tissue  corpuscles. 

The  regenerative  processes  which  may  go  on  in  adult  incsobt«Ette| 
tissues,  are  still  imperfectly  known.  Their  reprotluctive  cner^ty  hai 
been  supjwsed  to  be  limited  to  molecular  re|>nir.  Neverthelem,  il  ta 
certain  tliat  the  cells  of  most  adult  tissues  retain  the  power  of  mulUpB-j 
cntion.  That  this  is  not  manifest  under  normal  conditionti.  is  poudlily 
because  the  bit m id-supply  the  tissues  receive  is  sufficient  only  to 
iiiaiiitaiii  the  xtaftts  tfno,  while  the  resistances  opposing  growtli,  such 
pres!>ure  within  the  tissue^  are  equal  to  the  force  with  which  they  teadj 
to  multiply.  But  if  the  intercellular  pressure  be  loosened  by 
or  by  destruction,  absor|)tion  of  the  damfigetl  element*  and  multipU-j 
cation  of  cells  round  about  will  begin.  Such  injuries  usually  incntj 
the  blood-supply. 

So  far  UK  investigation  has  yet  gone,  the  nuclear  figures,  ti<-^Til>a; 
at  p.  11,  have  been  found  in  each  tissue  to  form  the  fiprt  ^u^t  ui 
division  of  cells. 

As  no  extensive  regeneration  occurs  without  the  formatioo  of  turn- 
vessels,  we  shall  first  state  what  is  known  concerning  their  pn>diic(ia& 

VeMeU. 

The  formation  of  new  vessels  has  been  studied  chiefly  in  the 
]X)le's  tail,  in  sections  of  healing  wounds,  and  in  teased  preparatiuni  < 
granulation-tissue.     At  the  end  of  the  second  day  after  the  h 
of  a  wound,  and  later,  solid  pointed  processes  are  seen  projecting 
cells  forming  the  walls  of  capillaries  ;  they  increase  in  length  ami 
similar  processes  from  other  capillaries,  or,  occasionally,  priK^eioeft 
branched  connective- tissue  corpuscles.     At  first  ver^'  fine,  the  pi 
gradually  widen  and  become  hollow,  and  thus  an  anastomosing  set 
veaseb  (oi/ra-ccUular  channels)  is  produced.      At  this  time  a  few  noci 
are  seen  in  their  walls,  the  result  nf  division  of  the  original  crll-ni 
Init  nitrate  of  silver  does  not  show  the  lines  of  union  of  indii 
endothelial   cells.     These  develop  subsequently.     The  proc 
sponds  with  that  observed  in  the  embryo  (with  the  exception  tlirt 
red  corpuscles  form  in  the  cells),  and  is  the  same  in  the  hea]in|{ 
wounds,  in  new  growths,  and  in  reproduction  of  lost  parts. 
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Two  much  less  certain  nuxles  of  ori/?iii  of  vessels  nre  described. 
(I)  In  gmnulation-ti&sue,  Thiersch  sbitcs  that  lymph-streams  issuing 
from  the  vessels  form  channels  between  the  loosely  connected  cells, 
which  ultimately  communicate  with  vessels,  and  fill  with  corpuscles. 
Obser\'alions  of  Birch-Hirschfcld  support  this  view,  (ii)  Spindle-cells 
in  gnnu  lilt  ion- tissue  are  said  so  to  arrange  themselves  a.s  to  form  canals 
which  communicate  with  vessels.  It  is  probable  that  they  are  really 
ri>llrcte<l  round  a  bud  frtmi  a  vessel  (Zicgler). 

As  in  the  embrj'o,  the  new  vessels  may  increase  in  size  with  the 
demands  made  upon  them,  muM-ular  and  fibrous  ronts  bcinjf  formed  by 
ccllit  which  apply  tlicmselvcs  aruuiul  the  original  IuIm*. 

Adult  vessels  may  increase  greatly  in  size  and  thickness,  as  is 
«<cn  in  the  gravid  utcru.s  and  collateml  vessels  of  a  limb  in  which 
the  main  trunk  has  been  tied ;  such  vessels  generally  become  tortuous 
as  well  as  wider.  Increased  flow  through  the  vasa  vasoruni  is  always 
|>rv4eut. 


Common  Connectiye  Tissue. 


This  is  the  mo«t  frequent  seat  of  new  formation  of  all  kinds — h}'per- 
tyophy,  tumour  formation,  and  regenerRtif)n.  With  regard  to  the 
latter;,  it  seems  most  pn>bHble  that  loss  of  substance  is  made  up  by 
muitiplication  of  the  sunnving  connective-tissue  cells.  For  a  time  it 
WB8  thought  that  mlult  connective-tissue  corpuscles  were  incapable  of 
growth,  and  that  alnu>st  .nil  new  fibrous  tissue  was  formed  from 
wnndrring  leucocytes.  The  tliffitnilty  in  estimating  the  jwirt  played 
by  each  of  thes<*  elements  is  extreme.  Senftleben's  experiments 
on  the  cornea  prove  the  regenerative  power  of  connective-tissue  cells, 
Sbrtrington  and  Ballance  deny  leucocytes  any  fibrous  tissue-forming 
power.  Metfhnikoff  iR-lieves  that  only  the  large  mononuclear  leuco- 
cyte* are  ca[iablr  of  such  development.  The  subject  is  di<tcussed  more 
folly  in  the  chapter  on  "  Infianmiation." 

Adlpoie  Tissue. 


ThU  is  merely  connective-tissue,  of  which  the  cells  are  infiltrated 
with  fat.  Newly  formed  connective-tissue  cells  may  certainly  thus 
brctmie  infiltrated — eg.,  in  pseudo-hypertrophic,  and,  to  a  less  extentj 
infantile  paralvHis ;  but  inflammatory  tissue  as  a  nde  remains  free 
fat 
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Cartilage. 

A  M'ound  or  breach  in  cartilage  is  generally  re|)aiml  in  the  tint 
insbmce  by  scar-tisHue.  This  may  be  replaced  Utcr  by  hrnlinr 
CHrtilage  foniifd  fWun  the  perichondriuui,  and  by  prulifrr  -■ 
neighbouring  cartilage-cells.  The  matrix  is  funned,  accvwi 
Stra-sser,  from  the  pnitoplasm  of  the  cells.  Often  this  replacemml  by 
cartilage  does  not  occur.  In  rnscs  of  fractured  rib-cartilage  the  fibrou 
tissue  may  ossify  intu  a  clasp  uf  bone  round  the  broken  cnd«. 

Bo&e. 

The  regenerative  power  of  l>one  is  considerable.  It  dc[>ends  rhidi; 
upr)n  the  p<*rio.sieunk.  an<l  to  a  less  extent  u]M)n  the  marrow.  TW 
process  is  best  illustrated  by  the  repair  nf  a  simple  fracture. 

Repair  of  a  Simple  Fracture.— During  the  first  iwrnty-foaf 
hours  Jiri  exjMiiination  shows  the  broken  ends  of  the  bone  lying  in  ft 
collection  at  blood  cofiguhitcd  where  it  is  in  contact  with  llir  liMors, 
but  fluid  round  the  fracture.     The  endn  of  the  txme  are  Uiarp  mbA 
jagged,  the  periosteum  is  more  or  less  torn  and  stripjK'd  off,  and  the 
meduUn  derply  cechymosed.      The   injury   to   the  vessels  of  the  pHt 
excites  exudation  of  Huid  and  of  cells :  the  t»ni  tissues  are  infiltrmtrd  hf 
these  eelU,  so  that  in  three  or  four  dayH  they  are  found  t«i  liare  loSl 
their  earlier  ap|}earaiice.  and  to  have  liecomc  soft,  pink,  and  gelatinous 
as  is  best  seen  in  the  medulla.      In   fact,  they  are   "granulating"   and 
the  granulation-tissue  increases  in  amount  until  the  bliNxl  around  the 
fracture  has  altogether  disappeared,  and  the  ends  of  ihr  Ixmr*  air 
embedded  in  a  mass  of  soft  tissue.     This  tissue  is  fonned  frrnn  the 
periosteum,  medulla,  and  any  other  soft  parts  that  are  injured.     From 
the  thirvl  or  fourth  day  certain  large  angular  cells  are  mcen  close  lo 
the  bone  :  these  play  the  part  of  osteoblasts.     Here,  as  elsewhere,  tbe 
source  of  the  cells  of  the  granulntion-tissue,  after  the  effret  of  the 
priittnry  injury  has  Hu1>>ided,  is  disputed;  some  referring  tJieir  origiu 
lo  leucocytes,  but  the  majority  to  the  cells  of  the  medulla  and  pcrina- 
teum.     Hi»ssibly  both  ctmtribute ;  the  elTect  of  irritation  (mobdily  of 
fragments)  in  causing  fn-e  formation  of  new  tissue  is  urged  in  favo«r 
of  a  Irtrgcly  Icucocytic  origin.      This  soft  tissue  is  found  in  plenty  abnut 
the  tenth  day,  when  it  is  difficult  to  recognise  the  perionteum.  which 
swollen  and  infiltrated  with  cells  like  other  parts.     Next,  the 
lation-tissue    l>ecomcs   finner,  and   at   alxiut    the  fourteenth  day   the 
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pciiostMiin  cm  «^q  be  secii  coreriag  « 
rxtnids  bct>c«tli  tt  for  mnbc   riMTttfT    op 
BilbvfUi  sa}-%  the  mb  of  ike  booe  are  ctK 
maoB  «s  if  kt  were  saft  tcattiig- w*i. ;  tbete  is  a  riqg  — Uidt  and  •  plag 
in  the  roedulU.     ThH  uniling  tisaie  is  cslled  the  prorisiomAl  callvs. 
In  aaiflMb  it  U  g^terallT  roovertctl  xnto  caitil^gr,  bat  in  man  direct 
tmMaAkm  usutlly  be^pns  in  the  third  veelu     la  man,  iMiwt.>u,  when 
toterablr  rest  cannot  be   niiiirfaJncd,  aa  la  fmliud  iStm  and  tamif 
Iractnrcs  in  efaildren«  cartilage  may  be  drrdoped.     It  u  ahnivs  in 
greater  quantity  vbere  the  bone  is  thkkhr  <ju»eied  far  aoli   parts, 
and  rarrly  fomu  a  complete  ring  in  man.     It  is  stm^fy  developed 
iu  a»y  angle  or  gap.     Where  the  moft  pcifeet   rest  ts  obtaioed,  a» 
ia  fisaores  of  tfae  dull,  little  or  no  pntnsio«ial  (or  pcrvaDcot)  callaa  u 
fanned. 

Onalfiftion  of  tfae  pnmsiaDal  caHnft  hi  gnu\  in  the  avgie  UfMJi  the 
y-  and  the  bone,  and  extends  thenee  beneath  the  periosteam 

aiii.  ......^  the  surface  of  the  bone.     The  pkig  in  the  mednlla  nmifin  a 

little  Uter.  At  fir»t  the  bone  is  sod  and  open  in  stroctaxe,  and  ca«ly 
'  <1  uflf  tlK'  stkaA.  It&  canals  are  more  or  less  Tertical  to  the  "■■ftr- 
.  sbaA,  and  oiotinuous  with  afanonaanj  vide  Haranan  ipaees  hi 
the  latter.  Ossification  begins  round  the  vcskIs  pasang  from  the  callna 
lo  the  bone :  the  cells  farthest  from  the  reasels  assume  the  thapc  of 
osteoblasts,  and  become  surrounded  by  or  coorcrted  into  booe.  Oiteo- 
blHts  inside  each  ring  next  lay  down  lanin^  of  booe  until  Harersian 
nyctems  are  formed.  The  ealltts  is  now  intimately  anited  with  the 
original  Ixme,  and  holds  the  ends  firmly  together.  The  medullars 
canal  in  blocked  by  bone.  And  osseous  buttresses  fill  up  any  angle. 
Hda  n>niplete  ossification  of  the  prorisional  calhH  Is  fitwAyd  in  man 
lietwccn  the  fourth  and  eighth  weeks,  according  to  the  siae  of  the 
bone. 

So  (mr  the  bony  tissue  has  not  been  mentioned.  The  next  step  is  to 
unite  the  two  ends  directly  by  what  is.  termed  permanent  or  defiai- 
tive  rB^^"*  'l*hi$  begins  to  form  when  the  provisional  callu>>  lias  fixed 
the  cnd5  of  the  bones ;  but  preparation  for  this  onion  begins  much 
earlier.  'Ilie  ends  of  tlie  bones  are  to  be  softened  into  a  tissue  which 
can  bridge  over  the  gnp,  blend  the  two  firagments  into  one,  and  finally 
owfy.  A  fvrefyinf;  ostitis  be^'ns  in  all  probability  immediatelv  after 
(I  il  result*  in  a  round-celled  growth,  which   slowly  eats 

(1  of  the  Haversian  canals  which  thus  become  enlarged. 

Naturally  this  is  a  much  slower  proceits  than  similar  infiltration  of  the 
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sofV  parts.  S()  lon^;  as  tJir  b«>iR*,s  are  moving  on  each  n/kher,  tW 
granulations  wnuld  have  little  chance  nf  blending  across  the  jptp ;  bnl 
BO  soon  as  the  fragments  arc  Bxed  thi<»  union  mxurv,  and  OMtficatfam, 
running  on  to  sclerosis,  follows.  It  is  probably  not  complete  brfntr 
the  fourtli  month. 

The  final  process  in  the  union  of  a  simple  fnurture  is  the  ruuncUag 
off  of  all  prominences,  and  the  a1>Horption  of  nil  unnrcevuir)' prfn-bMoal 
callus.  The  completion  of  this  may  occujiy  years;  but,  ultiuwtetjr.  in 
an  accurately  set  fracture,  the  meduUarj'  canal  may  be  opened  ap  and 
most  of  the  thickening  nroiind  the  shaft  removed.  Generally  the  «rat 
of  fracture  remains  evident,  but  Billnfth  says  that  in  wmie  casr%  H 
cannot  be  recognised.  The  analog)*  between  the  re]>air  o{  bone  and 
the  rejviir  of  ordinary  connective-tissue,  as  described  under  hcalitig  of 
wounds,  scarcely  needs  pointing  nnt  ;  ossification  nf  the  scnr-tiMt>r  U 
tlie  main  difference. 

Repair  of  compound  fractures  is  clfccted  by  the  osMfication  of 
gnuiulntitm-tissue,  either  directly  or  after  its  conversion  into  fibcvM 
tissue.  Hut  suppuration,  implying  luore  or  less  destniction  of  the  new 
tissue^  and  of\en  necrosis  of  sofl  and  hard  tij*siics,  greatly  dcUys  the 
process  (see  "Necrosis  of  Bone").  Even  where  compound  frmctare* 
become  simple  from  the  5rst  by  union  of  the  wound  they  are  uftm 
much  longer  in  healing:  the  reason  is  not  evident. 
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Mtucle. 

A  wound  in  muscle  as  a  rule  gapes  widely  nnd  heals  by  gnini 
In  some  parts,  as  the  tongue,  retraction  is  prevent eil,  and  tinUn^f 
first  intention,  occurs  readily-  The  j>rotopUsm  escapeit  tlirough  tlie 
opened  sarcolemma,  and  leucocytes  penetrate  for  some  distance  between 
the  fibres.  Ordinary  scar-tissue  develops  from  the  granulatioa-ttttiae 
find  unites  the  ends  of  the  muscle.  New  cells  are  now  produced  by 
the  musclr-cclls  im  cjuh  side  of  the  scar,  and  they  invade  and  umf 
eventually  replace  the  eieatrieial  tissue.  Kraske  says  that  new  miucl^ 
cells  are  prtKhiced  only  by  multiplication  of  the  nuclei  of  thr  old 
Each  nucleus  beo4mies  surrounded  by  a  spindle-shA|>ed  muss  of  pn>to- 
plasni  and  divides  to  fonn  muscle -fibres.  In  some  cases  no  rrgeni 
tion  is  evident. 

Regeneration  occurs  more  frequently  to  repair  losses  from  degeni 
tion,  such  as  that   wliich  occurs  in  acute  febrile  diseasetiy  especially 
tyidioid.     The  new  cells  arc  l>clirve<l  tn  spring:  fnmi  small  clemenU 
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between  the  ori^nnt  muscle-tibreSj  or  by  splitting  of  the  old  cells 
end  to  end. 
Involuntary  muscle-cells  multiply  also  by  division.     There  is  some 
doubt   AS   to    whether   these    may    not   arise    from    connective-tissue 
corpuscles. 

Nerre-CelU  and  Nerves. 

Nothing  is  known  of  a  regenerative  process  among  ganglion  cells, 
•  nd  many  think  that  none  occurs  in  adult  life.  An  ordinary  scar  is  rU 
thnt  is  known  to  replace  destroyed  ganglionic-tissue. 

When  tt  nerve  is  cut  across,  union  iJikes  |)lace  readily  by  scar-tissue 
if  the  ends  are  brought  together ;  and,  as  a  rule,  function  is  restored 
'  •   wmrse  of  time,  even  when  a  consider*ible  piece  (in  some  cases 
■  ■  •)  two  inches)  has  been  excised. 

After  division^  myelin  escapes  up  to  the  nearest  nodes  of  Runvier, 
and  blood  is  extravasated  between  the  Bbres  and  in  the  sheath.  Tlien 
leucocytes  iiifiltmte  the  ends  for  a  short  distance,  rendering  them 
bulbous ;  the  sofl  part^i  are  similarly  infiltrated,  and  u  mass  of  granula- 
Uuii-tis»ue  soon  unites  the  ends.  Later  this  develops  into  ordinary' 
tcar-tiviuc. 

lieyond  the  degeneration  of  a  few  librils,  no  immediate  change 
occurs  in  the  central  end.  In  the  |>eripheral  end,  however,  changes 
occur  rapidly,  and  lead  to  destruction  of  the  nerve.  In  warm-blooded 
antmaU,  according  to  Ilanvier,  after  twcnty-foiir  hours,  the  nuclei  in  the 
primitive  ^heath!^  arc  found  enlarged,  and  the  sheath  is  everywhere 
vtuble  ;  then  protoplasm  accumulates  round  the  nuclei,  at  tlie  nodes 
and  other  points,  replacing  the  medullary  substance.  On  the  third  or 
fourth  day  these  protoplasmic  masses  are  so  large  as  to  completely 
bcvak  up  t}\e  sheath  uf  Schwann  at  many  points.  At  the  same  time  the 
nuclei  are  seen  to  have  multiplied  once  or  twice.  A  little  later,  almost 
•U  the  degenerated  myelin  has  disap{>eared,  and  the  axis-cylinders 
broken  into  short  segments  which  may  finally  suffer  the  same  fate, 
ing  rejnaiiiing  of  the  peripheral  end  of  tlie  nerve  but  the 
primitive  sheaths,  distended  at  intervals  by  nuclei  which  are  abnor- 
nialty  frequent.  Sometimes  drops  of  fat  persist.  A  few  fibres  do 
not  undergo  degeneration.  They  are  thought  to  have  sprung  from 
irr  undivide<l  nerves  lower  down,  and  to  be  taking  a  recurrent 
irse  in  the  divided  trunk.  These  fibres  degenerate  in  the  central 
riuL  These  chimges  are  said  to  begin  in  the  muscle-plates  in  motor 
"lit  they  occur  prnctically  at  the  same  time  throughout  the 
r  u  cudi».     They  are  geuefally  complete  in  fourteen  days.     The 
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nerve  is  now   grey  and  shrunken  ;  its  6brous  tissue  ovcrpow*.  «t»<it 
further  wusting  and  induration  follow. 

No  regenerative  changes  w< nr  i  r 
four  or  five  wrcks.     Then  it  is  {mu>t 
tliat  the  axis-cylinders  of  the  ceotnl 
end    are    dividing    into    two   bundk& 
(which  again  divide  several  timn),  or 
into  several^  and  that  these  smaU  new 
axis-cylinders    are    finding    their   »aT 
Uirough   the  scar-tissue  into  and  br^ 
tweeii     the     old     primitive     shratbi. 
Growth   of   the    axis-eylinderk    aiwivi 
begins   from   a   uude    next   aln>vc  tn 
close  to  the  section,  where  the  Khcstli 
of  Schwann  is  bulbous.    A  crow  Rcctwc 
of   the    peripheral    end   at    nlxnit   the 
eiglith   week  sliows  i»niall   niedallatcd 
and  non-mcdullated  nerves,  among  the 
old  primitive  sheaths,  full  of  protopUsa, 
The  course  of  these  new  fibres  i%  vay 
irregular,  esj>ecially  through  tlie  Mtf, 
where  they  nuiy  even  loop  back.     At 
first     non-medullatcd,    they     acqunc. 
later,  Uieaths  of  Schwann,  with  node* 
of  Kanvier,  which  are  at  first  placed  Si 
short  intervals,  as  in  young  nerve«.    In 
the  scnr,  even  primitive  slieatha  arc  at 
first  wanting  ;  but  they  ultimately  fonn 
from  the  surrounding  eonnective-tiaaue. 
Many  months,  or  even  a  ye«r,  may 
pass    before    function    is    restored,    a 
shorter  time  being  required  in  seumr 
than  in  motor  nerves,   and  it  Is  flU|K 
posed  that  during  this  time  the  ajd»- 
cylinders  are  slowly  finding  their  way 
along  the  nerve,     Tlir  time  varie»t  will; 
the  length  of  ncr>e  beyond  the  division  and  with  the  distance  bctwccD 
the  ends.     The  number  of  uxis-cylinders  produced  in  this  proceaa  is 
much  greater  than  that  of  the  nerves  destroyed.     It  seems  probabley 
therefore,  that  many  atrophy ;  but  their  further  history  is  not  known 


FlO.  41.— AVA/yz/rmw  tJki  ffrifhrnil 
imd  t^  a  Htrvi  ten  day$  after  tettifm, 
Siamcd  with  osmic  acid.  One  fibre 
shows  thr  Duusrs  of  degenerated 
myelin  ;  Ihr  other  is  healthy. 
(Prom  ft  ipcciroen  by  Dr.  Mott.) 


HKAUNTi  OF  WOU>rDS.  lOj) 

Cases  occur  in  which  restoration  of  sensation  lakes  place  within  a 
few  days  of  the  division  of  a  nerve.  The  probable  explanation  is  that 
communicating  nerves  tiike  on  the  function  of  the  divided  one  :  hut 
Boea  and  others  think  that,  if  the  ends  are  kept  in  contact,  "  immediate  " 
ttnion  of  the  axis-cylinders  may  occur. 

VlTjcn  union  does  not  occur,  and  after  removal  of  the  peripheral 
pATt,  the  proximal  end  becomes  bulbous  (p.  13S). 

Epithelima. 

Epithelium  is  always  derived  from  pre-existiiig  epithelium,  by  simple 
division  of  the  cells.  This  is  shown  by  the  fact,  that  it  always  spreads 
in  from  the  edge  of  an  ulcer,  unless  islets  of  the  rete  have  been  left 
undcstroyed  in  the  midst  of  the  granulation-tissue. 

The  epithelium  of  the  skin  and  mucous  membranes,  and  of  many 
glands,  is  being  destroyed  and  replaced  throughout  life — sometimes 
vciy  rapidly,  as  in  catarrhs  of  mucous  membranes  and  of  the  kidney 
(acute  nephritis). 

But  if  all  the  cells  of  an  acinus  or  tubule  uf  a  gland  be  destroyed, 
there-  is  prolwbly  no  reproduction  of  cpilhcliuni.  A  wound  of  a  gland, 
with  or  without  loss  of  substance,  heals  by  scar-tissue,  wjjich  is  per- 
manent. According  to  von  Mcister,  regeneration  of  liver  cells  can 
take  place  in  the  dog,  cat  and  mbbit.  The  matter,  however,  needs 
furtiier  investigation.  The  more  highly  specialised  the  function  the 
lesM  likely  is  the  tissue  performing  it  to  be  capable  of  regeneration. 

Regeneration  of  nails  and  hair  is  frequent. 

Healing  of  W^ounda. 

The  anion  of  most  wounds  and  the  repair  of  losses  of  substance  are 
effrrtcd  primarily  by  the  formation  of  more  or  less  scar-tissue — I'.f.,  by 
thr  development  of  new  vessels  and  new  connective-tissue.  Subse- 
qoeotly  more  or  less  regeneration  of  the  injured  tissues  may  take  place 
in  llic  niodcH  above  described.  Several  modes  of  healing  are  described, 
but  thry  are  fundamentally  the  same.  They  are — (I)  Immediate  union  ; 
(2)  Union  In-  first  intention;  (3)  Healing  by  second  intention  or  by 
gnuiulation  ;  (♦)  Hcjding  under  tt  scab ;  (5)  Union  of  two  gramilating 
iuiiaces. 

Immediate  Union. — Described  by  Muciirtney  in  18'iS,  the  occiir- 
rciict^  "t   the  jinjccss  has  been  confirmed  by  Paget  and  Thiersch.     The 
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Utter  states  that  it  occurred  in  a^'ouiuIs  inflicted  on  the  toofncs 
animals.  The  union  is  said  to  be  effected  by  a  blending  of  the  pnrt^ 
cally  unchanged  surfaces  of  the  wound,  no  lymph  inten-eningasa 
It  is  complete  in  twenty-four  hours,  and  no  scnr  rrHult*,  Mvft 
pathologist'^  df  ny  that  such  a  pnwess  ever  occurs.  'I'hcy  believe  iKiC 
lymph,  possibly  only  in  microscopic  quantity,  invariably  forms  the  ftnt 
bond  of  union.  With  them  unicin  htf  ^firtA  intaUioH  is  the  tEpct^fioK 
mode  of  hcalinjj  |M)ssihIe. 

Union  by  First  Intention. — ^This  generally  occurs  in  weU-lwalBd 
incised  wounds.      It  is  |>revented  if  the  surfaces  are   not   aceurateljr 

brought  together,  but  left  gajwng:  w- 
perficiKlly,(»r  scjwirated  In  their  deeper 
parts  by  foreign  iMtdies.  bUxxl.  or  fluid 
exudation  in  any  quantity.      It  ixkIrO 
prevented  by  movement  of  the  sisrfiKM 
on  each  othi-r ;    by   sloughing   of  the 
surfaces  ;  or  by  irritatio?i  of  any  MaA 
which  excites  inflammation  going  be- 
yond the  fibrinous  stage.     When  iheie 
conditions  are  avoided  by  careful  aimk 
of    lui'morrhage^    cleansing,    drBinagr, 
ap|n>sition.  provision  for  rest,  and  pre- 
vention of -Heptic  and  infective  inflni- 
mations,   the   following    chnngtii   take 
place.    The  capillaries  bec-ouie  thioci^ 
boHed    up   to    the    nearest    colUtcrml 
vessel.      If  any  arteries  or  veins  hare 
been    tied    or    torsinned,  the  changes 
de.srribed  in  Chapter  xviii.  -set  in.      An 
injur)'  tntticted  by  a   knift-   is    ^veft. 
Atrictly  localised,  and  of  ^hort  dumtioiL 
It  excites  free  exudation  of  fluid 
corpuscles.     At  first   there    are 
red   cor|)uscles  in  the  exudation,  bat 
they    rapidly  diminish^  and    the  fliii4 
becomes  olear  and    deep    yellow.      If 
this  exudation  Is  small  in  quantity,  it  can  escajje  between  the  edges  of 
the  wound,  but  if  large,  channt- Is  should  be  purposely  provided     The 
fibrin  contained  in  the  exudation  coagidates  on  the  opposed  surfacrSr 
binding  them  t*»gether ;  it  contains  a  Mirinble  prf>portion  of  leucocytei. 


FiC,  4a. — Vmitm  by  Firtt  /tiUt$tioH. 
SeeCcxi  (p.  III). 
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It  lb  this  "  lymjWi "  which  forms  the  "  glaae"  on  wounds  left  open. 
The  exudation  diminishes  greatly  as  the  effect  of  the  injurj'  ])asses  off*. 
Microscopic  examination,  after   24-36  hours,  shows  the  edges  of  the 
wound    icjMirated   by  a  narrow  band  of  small   muiid  cells  ;  tlie  tissues 
close  to  the  incision  are  swollen  and  hjixy,  iuid  more  or  less  infiltrated 
with    leucocytes.       New   vcsseLs   develop  after  the  second   day,  and 
shiH>t   across  from  side  to   side,  converting  tlie  lymph  into  granula- 
tion-tissue.     This  then  goes  on    to    the    development    of  scar-tissue. 
Tlie  number  of  leucocytes  about  the  wound  varies  with  the  amount 
uid   dunition   of  the  irritation  ;  in 
•ome    cnses    it    is    (piite   <liHicult    in 
nuike  out  what  holds  Ihe  edges  to- 
gether.   Thus  in  a  herniotomy  wound 
examined   on    the   fourtli   day   (Fig. 
*i).  the   line  of  incision  was  rfoog- 
iiiscd  almust  solely  by   the   fact  that 
the  f»t  on  one  side  was  adherent  to 
the  deeper  layer  of  the  cutis  on  the 
uther  ;  the  two  seemed  to  be  in  actual 
eontJict.   and  there   was   hardly  any 
round-celled  infiltratiriri.     The    part 
tJikeii  by  the  tissue-elements  in  scar- 
luition  is  discussed  in  Chapter  xx. 
older  a  scar  is,  the  more  closely 
it  resemble  the  normal  tissue. 
Union     by     Granulation*  — 
Wlu'ii  M   wound  cannot  he   brought 
[ether,    or    when    union    by    first 
itcDtion  i^  prevented,  this  ftirm  Mill 
occur.     Until  union   takes   place   a 
iw  surfJicr  is  necessjirily  ex|»osed  to 
irritiition.     This,   some   think, 
keefn   up  a    constant    exudation    of 
fluid  and   leucocytes  from   the  new 
rcMcU,  just   as   the  original   injury 
ited    ftuch    exudation    from    the 
:1s  of  the  normal  tissue^  and  the 
leucocytes    embedded    in    a    little    intercellular    substance     become 
voscuIariM-'d  into  granulation-tissue.     The  majority  of  jjatliologists^  bow- 
er,   believe    tliiit   after   the   jirimary  severe   irrit.ilioii    Juis    subsided. 


Fig.  42.—Um$om  of  /wo  GraMuiatinjf 
turfatis  from  a  brmst-wound.  The 
uniting  material  is  in  much  greater 
amouot  than  io  Fig.  43.     Sec  p.  ti3. 
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ffraniiUtion-tissue  is  produced  by  multipliaition  of  the  nrighbom 
com lective-t issue  corpuscles.  However  fomied,  the  tissue  incnaue* 
amount  until  the  wound  is  filled  up  to  the  level  of  the  Hurfaee,  w: 
the  /^anulHtions  skin  over,  as  dcscrihcd  in  Chapter  xx.  A  gruiaki 
wound,  under  the  old-fashioned  dressingii,  suppurated  more  or 
freely ;  but  one  treated  antiseptically.  and,  thcrcforcj  protectrd 
irritation  by  the  antise]]Uc  enipKtyed,  diKcti&rges  h  serous  6uid. 
section  through  granulation -tissue  sliuws  uif  tltu  hurlnce  a  Uycrof 
round  cells  with  bi-  or  tri-partite  nuclei,  embedded  in  a  substaoe* 
which  ift  actually  Huid  superficially — this  layer  u  lircAkiiig  don 
into  pus.  Deeper  down  are  found  fibro-blasls,  and,  derprr  %Ull 
scar-tissue  in  all  stages  of  fonnation.  The  thickness  of  the  surfea- 
Uyer,  and  the  amount  of  pus  formed,  vary  with  the  irritation  to  mhicll 
Uie  tissue  is  subjected.  In  some  cases  destruction  et^ualn  or  exceed 
growth  of  granulations.  Here,  again,  therefore,  treMment  should  be 
directed  to  the  avoidance  of  n\\  unneccssar)'  irritation. 

Healing  nnder  a  Scab.—  In  this  form  the  exudation  is  small  lo 
amount,  and  dries  into  a  scab.     It  is  not  common  in  Man  except  is 
superficial  ahnisimis.      Formation  of  granulation-  ajid  Mvir-tiv»ur  ocnii 
beneath   it.  tis  idso   docs   the    inward  growth  of  epithelium.     When 
"skinning  over"  is  complete,  the  scab  drops  off.     The  dry  amb  la  bvt 
slightly  irritant  in  itself,  and  it  does  not  putrefy.     When  ulcetstiOR 
spreads  beneath  a  scab,  some  infective  agency  is  probably  the  raitse. 
The  process  of  scab  fonnation  is  sometimes  iinjtatr«]  by  closing  wihiimK 
otlen   leading   to   cavities,  with  collodion  ;  or  by  allowing  blood 
tincture  of  Wmsoin  on  lint  to  dry  and  ctcclude  the  ofx-ning.     SmA 
treatment  is,  however,  dangerous ;  for  if  septic  or  infective  orgaalnai 
have  entered  and  excite  infiammation,  the  absence  of  dminagv  wUI  be 
most  prejudicial. 

Union   of  Two   Granulating   Surfaces.— U'hen    two   hi 
have  granulated  as  alxne   dcsrHbcd,  tlicy  may   b<*   brought 
and  frequently  the  two  surfaces  will  blend,  thus  saWng  the  time 
would  be  recjuired   for  filling  up  fr<mi   below.      Free  suppunition 
imperfect  drainage  will  prevent  such  union.     Thin  is  the  way  In 
abscesses  should  heal  when  their  walls  are  allowed  to  fall  togvtlier 
evacuation  of  the  pus  (Fig.  4.'i). 
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^•aoBplantatioa  of  THssaes. 

Even  before  John  Hunter's  success  in  transplanting  a  cock's  spur 
iU  oombi  it  was  believed  that  pieces  of  the  bod)'^  like  the  tip  of  the 
or  fcjger,  might  re-unite  if  fixed  in  position  soon  after  complete 
ition  from  the  body.  But  accurate  knowledge  on  this  subject 
been  acquired  only  since  Revcrdin's  discovery  of  "skin-grafting." 
tissues,  as  is  well  known,  may  survive  systemic  death  for  a  short 
Portions  of  almost  all  tissues  may  be  removed  from  one  part  or 
And  successfully  transplanted  to  another  part  or  animal,  if  the 
itians  are  suitable.  These  are : — Transference  of  the  portion  of 
itla  sufficient  gentleness  and  quickness  to  ensure  that  it  is  alive 
insfcrred  :  close  contact  with  the  raw  surface  prcjwred  ftir  it: 
itemuice  of  its  temperature :  and  the  livoidance  of  all  irritation, 
illy  septic.  Tlie  piece  of  tissue  will,  under  these  circumstances, 
united  by  first  intention  to  its  bed.  and  will  be  nourished  by 
transuding  from  this  surface  until  vessels  shoot  across  into  it. 
lly,  those  tissues  which  are  least  highly  organincd  and  wliirh 
the  least  nutriment  bear  transplantation  best. 
Epitlielium  is  the  tissue  which  better  than  any  other  Ixam  tran*- 
Lng.  Use  is  made  of  this  in  the  operation  of  grafting,  in  whidi 
bits  of  thf  tuperfidal  pari  of  the  retf  are  placed  upon  a  hcAllhily 
kulUting  surface.  At  finite  nourished  by  the  exudation,  tbcac  ^^^* 
its  grow,  adhere,  and  form  centres  whence  epithclion  tpread*  over 
tlie  surface.  Tlie  cells  of  the  root-«hemth  of  pladbed-OBt  hain  anaTgf 
Mto  purpo^  *^<*11*  Oranulation-tissue  may  be  drioard  orcr  (n  thfe  mwf ; 
^B  anleat  acar-contraetion  accompanies  the  ■!■  hBMi»y  over,  the  *!hetAMi^ 
t^able  to  break  down. 

A  piece  of  tkim  an   inch  square,  freed  frMO  all  fict,  hm^  be 
and  thus  rctn>pum  and  simOar  deCryrmitiei  tamj  be 
irly,  a  bit  of  mttcmu  mtembrwte,  itaaaiSkf  oMiifrf  ham  •  fsAta'a 
iva,  is  transplanted  in  easei  of  i 

and  peiwtntm,  especially  wbca 
aUo  pp.  122  and  1^).    So  ako ^  bib «f  ftM:     Mmecmtm^mf 
',  tniilt  up  part  of  «n  ulna  wHth  bite  n  timl  fi 
%«DdmtrodocetlU>eiitmcticeofvqiBci^gdU^«f  the 
In  the  opening  loule  by  a  UrfJiiiy 

Pkces  of  mmtrfi'  havr  been  aaeotmUfy  tama^imiktd,  a^  ■■€  «f 
•c^atic  arrve  of  a  faird  haa  bees  ttftalSlatad  iir  a  manwamm^^  *a 
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excised  from  anuther  bird :  llie  tninspUnUtioii  of  nt-Tve  has  ben 
successful  in  iiian^  so  far  as  the  mere  healiiig-iii  of  n  portian  d 
rabbit's  nerve  placed  l>etween  the  ends  of  a  divided  nic<lUfi»  b«t 
time  liful  tint  been  allowed  for  restoration  of  function  when  tbc  noliot 
was  published. 


CHAPTER    XI, 
TUMOURS. 

The  fint  notion  wliich  the  name  ''tumour"  conveys  is  thatof  Mrellinf ; 
but  swellin;^  may  result  from  very  different  pathological  iiroeenes^ 
while  the  term  "  tumour  "  has  a  much  narrower  otmiiotation.  It  b  iam 
possible  to  fr\vc  an  arcunitc  drtinition  of  its  mraning  beraiuw  ■ 
rejil  nature  is  not  undersl<MKl.  It  is  generally  deseril>e<l  as  a  foniiatM 
of  new  tissue  which  is  abnormal  to  the  ))art ;  which  disturlm  its  torm 
and  differs  from  it  more  or  less  marke<lly  in  gn>ss  and  in  nitimll 
htructure ;  which  |M?rf(inns  no  physiological  functinn  :  which  temb  ■ 
continuous  growth^  and  is  more  or  less  independent  of  the  gcneol 
nutrition  of  the  body;  and  which  has  not  arisen  from  the  c»uks, M 
in  the  course,  of  inflammation. 

That  tumours  are  formations  of  new  tissue  nec^essitates  the  rejectici 
of  all  swellings  due  solely  to  retention  of  secretions  (retentioD«cnm 
or  to  cxtra\-asation  of  blood  (ha-matomata).  True  hypertrophies  MUl 
be  rejected  because — though  they  involve  an  inrreaae  in  wini  iM 
shape,  structure,  and  function  are  preserved.  Finally,  all  inflatninalalj 
swellings,  tuiiiotir-like  prmluots  of  infective  inHanunatiuns  nic^  il 
gummata,  tubercles,  farcy-buds,  and  condylomata,  and  all  localM 
crdemas  and  efTusions^sueh  as  hydmccle — must  be  eliminated.  J 

The  definition  of  a  tumour  as  an  ntifpicat  HC*K-fonnatum  would  «C|MM| 
the  class  from  retention  and  extravasation-cysts,  and  frcim  true  hyfd 
trophies  ;  but  many  an  inflammatory  new-formation,  such  as  csalltu  ivl 
condyloma,  is  atypical  enough  both  in  form  and  structure.  Muieu'va 
there  Is  a  whole  group  of  tumours  (sarcomata)  which  it  is  iropoMill 
to  distinguisli  anatomically  from  the  results  of  inffaminAtion.  It  I 
therefore  necessary  to  include  hi  a  definition  of  tumours  tocncllM 
which  shall  draw  the  line  between  them  and  inflammatory  pro^BClJl 
»uch  a  diftiacUoD  may  be  found  in  their  causes,  mod«s  of  origii,  M 
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We  may  say,  tlien^  timt  a  tumour  is  tut  lUt^fHcal  nefi^ formation ^ 
mtd  Ute  rauU  of  an  injlammaiion.  False  hypertrophies,  especially  such 
a.s  aifect  limtted  areas  {e.g-t  accumulation  of  fat  on  the  buttocks  of 
Hottentots),  are  closely  allied  to  simple  tumours,  and  specially  difficult 
to  separate  from  them. 

DEVEIjOPMENT. — The  nutrition  of  tumours  is  not  regulated 
like  tliat  of  normal  tissues.  When  the  body  gets  thin,  and  the  ntfh- 
neotu  fat  disappears,  a  faiiy  Uttnour  wastes  but  little  or  not  at  all ; 
malignant  growths  often  grow  luxuriantly  while  their  victims  are 
"rapidly  eutaciating.  With  this  fact  it  may  be  noted  that  tumours  have 
no  nerves,  though  the  relation  of  nerves  to  nutrition  is  as  yet  little 
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A  tumour  consists  of  cells,  formed  by  multiplication  of  pre-existing 

ij  and  here,  as  elsewhere  in  Nature,  the  characters  of  the  parent  are 

idcd  down  to  the  offspring.      In  other  words,  a  tumour  and  the  cells 

which  it  springs  always  belong  histologically  to  the  same  class  of 

iues  (see  p.  1  i2). 

In  development   and   stnicture,   the  tumours  resemble  the  normal 
les — cvcrj'  pathological  growth  has  its  physiological  prototype.     The 
;mbliuice,  however,  is  by  no  means  complete,  for,  as  indicated  in  the 
lition,  they  are  always  more  or  less  atypical  in  their  structure, 
rule,  the  difference  between    the    normal  and   abnoraial    tissue   is 
mch  that  with  the  naked  eye  one  can  tell  roughly  where  the  one  begins 
id  the  other  ends. 

The  liistological  processes  which  give  rise  to  the  formation  of  a 
iinnur  are  doubtful  in  the  extreme.  It  is  uncertain  whether  a  tumour 
rs  frtqu  a  j>ortioii  of  the  mature  tissues  or  from  a  kind  of  "  resting 
'*  of  embiyonic  tissue  as  suggested  by  Cohnheim  (p.  I S5).  Evidence 
multiplication  of  normal  tissue-elements  round  about  a  growing 
is  often  obtainable,  but  it  is  ver)'  difficult  to  tell  what  becomes 
id  Ziegler  was  inclined  to  think  that  most  disappeared.  A 
ibolus  in  a  gland  almost  certainly  grows  without  any  additions 
the  surrounding  cells,  and  there  does  not  seem  to  be  any  a  priori 
why  a  fibronui  or  a  sarcoma  should  receive  any  either. 
The  elements  from  which  tumours  most  frequently  originate  are  those 
belonging  to  the  common  connective-tissiie,  and  to  the  blood-vessels 
■ad  Ijrmphatic  system  with  which  it  is  so  intimately  associated.  By 
cauiwou  connective-tissue  is  meant  that  tissue  which  in  all  parts 
surrounds,  tiie  blood-vessels,  and  is  so  umversally  distributed  throughout 
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the  entire  organism.     This  must  be  carefully  distingiii*ihcd  from  tibf 
special  varieties  of  connective- tissue — tendon,  cartilage,  bone,  Ate    !■ 
this  common  connective-tissue  we  distinguish  two  kinds  of  eeU»— tJ» 
gtable  or  connective-tissue  corpuscles,  and  the  mobile  or  *'  wander-eeBt* 
Both  arc  in  intimate  relation  with  the  endothelium  of  the  lyn    " 
which  commence  as  spaces  distributed  thrrmghout  the  tissue,      i 
the  endothelium  of  both  lymphatics  and  blood-vessels  closely  rcsemUa 
In  its  physiological  functions  the  fixed  cells  of  the  ennnective-tl«ac 

Connective-tissue  is  said  to  give  rise  to  tumours  by  multipUeatloo  of 
its  cells,  the  jvirt  played  by  the  two  kinds  l*eing  doubtful.  Kmbrrank' 
tissue  consists  of  small  round  cells  with  no  limiting  membrane  and  * 
large  nucleus^  lying  in  a  scanty,  semi-fluid,  and  faintly  gnuiuUr  intn^ 
cellular  materinl.  Tin's  tissue  is  often  called  "  indifferent,"  as  it  b 
lm}x>ssible  to  determine  in  this  early  stage  of  the  growth  what  it  wiU 
ultimately  become — whether  a  fibroma,  a  sarcoma,  or  an  enehondmma, 
&c. 

This  "  Uidifferent "  tisaue  now  develops  into  that  of  the  permanent 
growth,  much  in  the  same  wny  as  the  immature  conneetive-tisrae 
the  embrj'o  develops  into  various  connective-tissue  subgitancc* 
mucous  tissucj  fibrous  tissue,  cartilage,  or  bone.  The  embritOTiic  tisMe 
may  undergo  no  higher  development,  the  cells  remaining  rtmiwl  or 
oval,  and  the  ground -substance  homogeneous  ;  or  the  nuciei  of  aeYcral 
cells  may  multiply  without  any  corresponding  division  of  tlie  cells  them-j 
selves,  thus  forming  giant-cells  ;  or  most  of  the  cells  may  I  .  out 

into  spindles,  and  perhajM  here  and  there  fibrillation,  with  d .  .ure 

of  some  cells,  may  occur.  We  thus  get  tJic  roimd,  oval,  mveJokl,  or 
sptndle-eelled  sarcoma  ;  also  the  fibro-sarroma.  General  fibrillatkni  «Htk{ 
disappearance  of  most  of  the  cefh,  and  mucous  degeneration,  chondii- 
fieatiun  or  ossification  of  the  xirvma  may  occur,  thus  forming  fifaran^j 
myxoma,  chondromaj  or  osteoma  ;  or  fat  may  form  in  the  cells — lipoi 
A  combination  of  two  or  more  kinds  of  structure  may  be  met  with  tei 
the  same  tumour — as  a  combination  of  sarcoma  and  lipoma,  cvf  cncbott-{ 
droma  and  myxoma,  and  so  on.  We  are  quite  ignorant  of  the  caasa^ 
apart  from  heredity,  which  determine  the  ultimate  character  of 
tissue. 

Next  to  connective-tissue,  epithelium — surface  and  gUndtdar'--4t{ 
the  tissue  from  which  tumours  most  frequently  originate  ;  and  mJ 
from  connective-tissue  arc  produced  growths  of  the  comiecUve-tisiiie| 
type,  BO  growths  originating  from  the  epithelia  preserve  tlie  e|Nthciial 
type.     A  priori,  it  would  be  entirely  contrary'  to  evolution  for  them 
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do  otherwise  ;  and  the  great  majoril}'  ul'  observerb  btate,  as  the  result  af 
their  investigations,  that  epithelium  never  arises  but  from  epithelium. 
It  is,  nevertheless,  believed  by  some  that  an  epithelial  cell  may  by 
mere  contact  so  influence  a  connective-tissue  cell  that  it  becomes 
epitfaclial,  or  vice  versa.  This  influence  of  one  cell  upun  another  is 
called  "  spermatic  "  (Creighton).  The  point  has  been  carefully 
investigated  by  Ziegler  with  a  negative  result. 

From  the  remaining  tissues^  muscle  and  nerre,  the  development  of 
tumours  is  com|>aratively  rare  ;  and  from  the  highest  adult  nerve-tissue 
it  is  doubtful  if  tumours  ever  arii^e. 

According  to  the  similarity  or  difference  which  subsists  between  the 
new  growth  and  the  tissue  from  uhich  it  grows,  tumours  are  divisible 
into  two  classes — hoioologoUB  and  beterologoiu.  When  the  tumour 
resembles  in  its  structure  and  development  the  tissue  from  which  it 
origimttes,  it  is  said  to  be  homologous ;  when  it  differs  frnm  it,  the 
tumour  it  said  to  be  heterologuus.  A  cartilaginous  tumour,  for 
example,  growing  from  cartilage,  is  homologous,  but  growing  from  any 
other  tissue,  as  from  the  parotid  gland,  it  is  heterologous.  This 
dintinctiun  is  probably  artificial^ — not  real.  If  it  be  correct  that  tissue- 
types  "  breed  true/*  the  only  even  apparent  heterology',  which  we  know 
to  occur,  is  the  development  of  the  different  comicelivc-tissues  from  the 
same  embryonic  tissue.  In  the  example  g^ven,  cartilage  does  not  arise 
from  the  essential  epithelial  cells  of  the  ])arotid,  but  from  the  su}> 
purtiug  connective-tissue,  or  from  an  aberrant  bit  of  curtilage  from  the 
rudiment  of  the  jaw.  Heterology,  however,  is  not  limited  to  the 
production  of  a  tissue  which  is  dissimilar  from  that  from  which  it 
imgiaates ;  a  tumour  is  also  said  to  be  heterologous  (or  heterotopic) 
when  it  differs  from  the  tissue  in  which  it  is  xituated,  and  this  may 
occur  without  its  being  the  direct  product  of  the  latter.  It  is  heter- 
ulogy  ill  this  sense  that  is  so  characteristic  uf  malignant  growtlis. 
Cancers,  for  example,  bccinne  heterologous  owing  to  the  growth  and 
extension  of  the  epithelium  beyond  its  nonnal  limits  (see  "  Epithe- 
Uoma  **} ;  and  the  same  form  of  heterology  obtains  in  the  case  of  all 
|;iDwths  originating  from  elements  which  have  migrated  or  been  carried 
.flDin  their  origiiml  habitat,  and  have  develo]x;d  into  a  tissue  differing 
>hma  that  in  which  they  are  found. 

RXII^TION  OF  THE  TUMOUR  TO  THE  SUR< 
ROX7NOING  TISSUES.— The  relation  of  the  tumour  to  the  sur^ 
rouadiiig   structures   varies.     In  one  case  the  tumour  is  circumscribed. 
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merely  displacing  the  surrounding  parts,  and  stretching  and 
their  connective-tissue  ;  so  that  this  comes  to  form  a  6brouf  capulr 
around  the  tumour,  by  which  it  is  completely  isolated,  The  UpovwU. 
fibromata,  and  enchondromata,  arc  usually  thus  (mcapsulrd.  In  other 
cases  the  growth  invades  U»c  adjacent  structures.  There  is  tbw  op 
line  of  demarcation  between  the  tumour  and  the  surrounding  (wrti; 
and  although  to  the  naked  eye  there  may  seem  to  be  one,  ihc  mloo- 
Ecope  will  show  that  the  apparently  healthy  tissue**  are  infiltrmted  witb 
a  small  round-celled  growth  (Fig.  44),  into  which  the  specific  lumwff- 
cells  are  advancing.  Tlie  former  is  probably  the  result  of  tiMK- 
irritation  set  up  by  the  latter. 

RETROGRESSIVE  CHANGES— A  tumour  very  rarely tlb- 
appears,   and    it    tlius   differs    from   an    inflamnwitory  growth — r.^->  * 


Fia  44.~'SdrrAtti  of  the  Mammta. — Spreading  marein :  small*oelled 
infiltration  of  the  muscular  fibres  and  adipose  tissue  In  the  ne^cb* 
bourhood  of  ibe  gland.     >i  aoa 


gumma.  It  may  either  remain  stationary',  or  grow — slowly  or  rapid^ 
Sooner  or  later  it  usually  becomes  the  seat  of  retrogressive  change*. 
The  time  at  which  these  commence  varies.  As  a  rule,  the  permanence 
and  durability  of  a  tumour  l)ear  an  inverse  relation  to  the  rapidity  af 
its  growtli  and  to  the  inferiority  of  its  organisation.  The  more  rapid 
tlie  growtii  and  tht;  more  lowly  organised  the  tissue  formed,  the  Icaa 
it«  durability  and  the  sooner  do  rt'.trogrcssive  changes  occur.  The 
c&rcinomata  and  sarcomata  develop  rapidly,  and  degenerate  quickly. 
They  consist  for  the  most  part  of  cells  ;  their  elements  are  uufttablc 
and  soon  perish.  Osseous  tumours,  on  the  other  hand,  develop  moiv 
slowly,  and  arc  but  little  liable  to  retrogressive  metamorphosis.  Thry 
consist  of  a  more  highly  organised  tissue,  and  have  much  greater, 
stability. 

llie  retrogressive  clianges  arc  similar  to   those   met  with  in   UmI 
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normal  tUsucs,  De6cienl  supply  of  blood  is  followed  hy  fatty  degencra- 
tUm  juid  iU  various  tcniiiimLiuus — sufleiiing  and  caseation.  Pigmcntatyt 
eakartous,  colloid,  and  mucoid  degeneration  may  also  occur.  Tumours 
may  l>ecome  the  seats  also  of  injiammaiiotk,  iilccrafiotit  necrosis,  and 
karmorrhagr. 


OX«ZNICAI«  COURSE.— Tumours  are  divided  olinioally  into 
two  ^ejit  groups,  the  simple  and  malignant.  A  simple  tumour 
i>  one  wliich,  as  a  rule,  grows  slowly  and  hteadily.  (»r.  liaving  attained 
a  certain  size,  remains  stationary.  It  consists  of  tissue  approximating 
closely  in  stmcture  to  some  normal  adult  tissue,  and  is  generally 
surrounded  by  a  distinct  capsule  out  of  which  it  can  be  completely 
!»helled — for  there  is  no  infiltration  of  surrounding  jwirts.  After  such 
removal  it  docs  not  recur  locally,  and  secondary  growths  in  glands  or 
more  distjuit  [mrts  do  not  result  from  it.  Its  interference  with  health 
is  oidv  mechanical,  unless  some  accident — as  inflammation — occur  in 
tt.  Tumours  of  the  fully  developed  connective-tissue  type  generally 
puriue  thi*>  course,  and  may  grow  to  a  huge  size. 

A  mali^ant  ^owth.  on  the  other  hand,  generally  grows  rapidly 
and  tends  to  enlarge  continuously.  It  consists  of  tissue  which  is 
markedly  "atypical  " ;  and  is,  as  a  rule,  surrounded  by  no  capsule,  but 
progressively  infiltrates  the  surrounding  tissues.  After  a])parently 
cimiplete  removal  it  recurs  locally,  and,  whether  removed  or  not,  tends 
to  give  rise  t*»  secondary  growths  in  the  nearest  lymphatic  glands,  or 
hi  di'itant  parts,  or  in  both.  Though  the  ]>Jitient  is  often  in  excellent 
health  when  the  tumour  first  ap|)ears,  he  iiooner  or  later  wastes,  loses 
•trength  rapidly,  and  l>ee<>mes  very  anteniic — cachexia  is  pnxluced. 
This  ia  due  tu  many  causes — e.g,,  to  removal  from  nonnal  tissues  of 
nutriment  requir«I  for  the  active  growth  of  the  tumour-cells ;  {M-rhajis 
to  tJie  metabolism  of  the  latter,  pouring  abnoi-mal  excreta  into  the 
bliKid ;  to  pain  and  anxiety ;  often  to  profuse  discharge  and  septic 
abiMirption  consequent  U|ion  ulceration  ;  and  oeeasionally  to  actual 
interference  with  the  ingestion  and  absorption  of  food.  The  more 
rapidly  and  the  more  completely  a  tumour  produces  these  results,  the 
greater  b  Its  maligiuincy.  Even  growths  of  the  same  class  vary  much 
in  the%e  respects^  and  different  classes  varj'  still  more.  Though  in  a 
high  degree  characteristic  of  cancers,  the  purely  clinical  term  "  malig- 
MDi/  *'  must  be  distinguished  from  the  pathological  tenn  "  cancerous^'* 
which  implies  a  specific  structure  in  the  growth  to  which  it  refers. 
Sarcomata  arc  often  quite  as  malignant  as  chancers. 
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RECURRENCE  AND  GENERAUSATION.— A  tumour 
may  recur  lucnllif  after  reiuoval ;  ami  tithcr  after  or  before  removal, 
growths  similar  to  tlie  primary  tumour  may  form  in  the  nearest  iymphaiic 
gUmdst  or  in  more  distant  titsuex  or  orga/u.  In  the  highest  degrees  of 
mali^aiicy,  all  t!iesc  occur.     Eacli  must  be  considered  separately. 

Reproduction  of  the  Tnmour  in  Adjacent  Structtures.— 
This  recurrence  in  toco  after  removal  is  usually  the  earliest,  and  the 
least  important  evidence  of  malignancy.  It  is  due  to  some  of  the 
tumoiir-celk  ha\ing  been  left  l>ehind,  and  is,  therefore,  much  more 
likely  to  occur  in  those  growths  which  infiltrate  the  surrounding  tissues, 
and  reaf/i/  extend  beyond  their  apparent  limits,  than  in  those  which  are 
encapstiled.  The  cells  left  behind  continue  to  grow  and  recurrence 
occurs.  Cells  may  be  carried  to  some  little  distance  from  the  primary 
growth  by  lymph-  or  blood-ctirrents,  and,  on  becoming  impacted,  form 
the  nucleus  of  secondary  nofiules  which  may  spring  up  around  Uie 
original  tumour.  In  some  tumours  local  recurrence  occurs  many  times 
and  often  kills  the  patient  without  any  infection  of  glands  or  distant 
tissues. 

Reproduction  of  the  Tumour  in  the  nearest  Lymphatic 
Glands. — This  is  owng  to  the  entry  into,  and  transmission  by, 
the  lymph-stream  of  cells  from  the  nialignHnt  growth,  which  become 
arrested  in  the  nearest  lymphatic  glands,  and  there  develop  into 
secondarjf  tumours.  These  are  in  all  eases  of  the  same  nature  as  the 
primary  tumour.  When  the  lymphatic  glands  have  themselves 
developed  into  secondary'  growths,  they  in  their  turn  constitute  new 
centres  of  infection,  and  may  thus  infect  the  more  distant  glands  or 
the  immediately  adjacent  tissues.  When  the  Ij'mph-sinuses  of  a  gland 
are  so  blocked  by  new  growth  that  lymph  cannot  pass,  a  regurgitant 
flow  is  the  natural  result,  and  the  lymph,  bearing  tumour-cells,  has  to 
pass  through  abnormal  vessels  and  glands.  In  this  way  we  can  account 
for  infection,  say,  of  the  abdominal  glands  by  a  tumour  of  the  lung, 
and  for  the  numerous  nodules  in  the  skin  which  sometimes  occur  widely 
all  round  an  atrophied  scirrhus  of  the  mamma.  A  distimt  lymphatic 
gland  may  be  infected  by  embolism  of  its  arterj'.  The  tendency  of 
malignant  growths  to  become  reproduced  in  the  lymphatic  glands 
varies  very  much.  It  is  very  marked  in  the  carciiiomat^i ;  while  in  the 
sarcomata  it  is  comparatively  slight  The  reasons  for  these  differences 
will  be  seen  in  subse<[ucnt  chapters. 

Reproduction  of  the  Tumour  in  Distant  Tissues. — This  is 
usuaUy  the  fuial  stage  in  the  history' of  malignant  growths,  and  is  known 
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ttthdr "generalisation."  The  reproduction  of  the  malignant  growth 
io  distant  tissues  is,  in  the  great  majority  of  caseSj  owing  to  the  entry 
of  loroe  of  its  elements  into  the  blood-stream.  The  secondary  tumours 
wr  thcrrfore  the  result  of  embolism  of  tumour-cells;  and  the  points 
*t  which  the  cell-masses  may  be  arrested  are  stated  in  the  chapter  on 
EmboJinn.  As  in  the  lymphatic  glands,  they  are  in  all  cases  of  the 
ttojp  nature  as  the  primary  one,  although  they  may  be  larger  and 
*»  often  softer,  more  vascular,  and  more  active  in  growth.  They  may 
themselves  become  secondary  centres  of  infection,  and  in  the  same  way 
ttitw  tertiary  growths  in  parts  beyond. 
Although  the  general  dissemination  of  a  malignant  growth  is  thus  in 
cues  due  to  the  transmission  of  its  elements  by  the  blood-stream, 
is  not  the  only  way  in  which  it  may  be  brought  about.  Exceptional 
have  been  described  in  which  the  elementsof  a  tumour  have  been 
htribiitrd  and  have  caused  secondary  growths  in  other  ways,  as  by 
ig  down  the  tnichea^  between  the  layers  of  the  peritonemn,  or  from 
kidneys  down  the  ureters  to  the  bladder. 
LjuUy,  it  must  be  borne  in  mind  that  growths  may  be  secondary  to 
rAch  other  only  in  time  ;  that  is,  they  may  be  entirely  independent  of 
other,  originating  from  different  primary  foci. 
We  have  spoken  of  generalisation  and  l)7nphatic  infection  as  being 
le  to  the  transference  of  tumour-cells  from  the  primary  growth.  That 
prtruary  growth  is  the  real  source  of  the  secondary  growtli  is  shown 
by  their  similaritj'  in  structure,  by  their  time-relationship,  by  their 
demonstrable  coimecUon  by  means  of  blood  or  lymph  channels,  and  by 
the  fart  tlut  the  secondary  growths  often  occur  in  tissues  in  which 
|vimary  tumours  of  the  structure  in  question  never  occur.  Some 
•ntboritics  think  that  it  is  the  juice,  and  not  the  cells  of  the  primary 
toaiour  which  is  conveyed  to  the  future  site  of  the  secondary  nodides. 
Bat  against  this  view  may  be  urged  :  the  localiised  actitm  ;  tlie  distri- 
bution of  secondary  growtlis  in  the  next  capillar)'  area,  and  the 
ponflsiljty  of  explaining  exceptions  to  this  rule ;  the  occasional 
cUseorery  of  tumour-cells  in  the  bloot?,  most  often  impacted  in  the 
vescU  as  emboli ;  the  frequent  existence  of  tumours  growing  into 
Tctot  ai)d  lymphatics,  so  that  cells  may  easily  be  swept  off  by,  or 
mignte  mlo,  the  stream  ;  and  lastly  the  fact  that  secondary  growths  have 
ncrcr  been  found  in  cartilage  or  cornea  which  arc  both  permeable  to 


Two  ricwfi  arc  held  concerning  the  way  in  which  migrated  cells 
prodoce  secondary  growtlis. 
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1.  It  is  said  that  the  cells  inipncted  at  a  certain  spot  so  Iniiurxior 
the  vessel-wall  and  surrounding  tissue*,  that  thrir  cells  nmltii 
produce  a  structure  like  that  of  the  infecting  particle.      Tlic  «n 

has  already  beeji  stated  to  this  theory  of  "spermatic  inilumoCr"  whid 
would  require  us  to  believe  that  liver-cells,  for  example,  may  by  their 
multiplication  pnKluce  not  only  epithelial  cells  like  tho»c  of  scirrhw* 
epithelioma,  but  even  connective- tissue  cells  nf  all  kinds, 

2.  The  cells  of  the  secondary  nr>dule  arc  believed  to  Ix?  tluf  pro- 
ducts of  tile  multiplication  of  the  cells  of  the  tumour-emboltu.  Tbr 
question  thus  arises — Can  a  bit  of  tumour  thus  cut  <irt*  fr<im  it*  latf 
grow?  Artificial  embolism  has  been  produced  with  pieces  of  fmli 
periosteum,  with  the  result  that  they  grew,  and  pnxluced  fir»t  wuti* 
lagc  imd  then  l>one ;  but  at\er  the  fitlh  week  all  trace  tjf  tbrro  W 
divi))peared.  In  effect,  they  went  thmugli  the  same  course  «»  ifa 
pieces  of  normal  tissue,  or  of  tununir,  which  are  placed  in  the  uA- 
cutaneous  tissue.  We  see,  therefore,  that  they  ean  gw»w ;  hA 
something  in  the  healthy  tissues  prevents  their  attjiiiiing  any  mm.  Oi 
the  other  hand,  a  piece  of  bone  or  other  tissue  plaeed  where  simiLtf 
tissue  usually  exists,  docs  not  thus  disappear,  as  trruisplantabon  upen* 
tions  show. 

THE  CAUSES  OF  MAUGNANCV.— Whydosome  tumimn 
invade  adjacent  tissues  and  distant  organs,  whilst  other*  do  nt»t,  rvcn 
though  the  latter  grow  as  rapidly  as  the  former?  Hitherto  dirtrrmce 
in  structure  has  been  held  to  explain  the  matter.  The  more  purrly 
cellular  the  tumour,  tlir  more  numerous  its  hi  mid- vessels,  and  the  I 
develojicd  their  coats,  the  more  rapid  is  its  spread,  iind  the  earlier 
more  certiiin  is  its  gencraliMtion. 

\M   (K-casionally    v\t-   find   that   a    tumour   which    ha^    run    a   m 
c'our>e,    and    which    does    not    recur    after    removnl,    lots    a    hi 
necessitating  its  l>eing  plared  among  the  sarcomata.      Kpulides^  centnl 
virconuitii  of  bones,  and  some  sarcomata  of  the  ovariCK  and  fK^ciw 
grow   to  a   large   size  without  invading  other  tissues  or  gene 
On   the   other   hand,  examples  of  the  grnemli»ation  of  many 
tumours    have    l>een    frequently    recorded — e.g.,   chondmmAtay 
lipomata,  and  even  fibromata  ;  also  adenonmta  of  the  avnry  and  tli; 
It  is  true  that  connective-tissue  growths  do  generally  contain  a 
|Niiulerance  <»f  round  cells  l>efore  they  gtnernlise ;  but  in  some 
tlic  <itructurc  of  the  sccondarj-  growths  is  that  of  tlie  primar)',  ai»d 
Mich   a<:   is   usuidly  seen    in   s])ecimens  which   show  no   iuali|piaiMBy; 
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in  1)^111  ph-spAces,  and  which  possess  numerous  ntul  thm-wslled 
vessels,    must  generalise    more   readily,   when  this    is    possible, 
tumours  in  which  the  opposite  conditions  obtain. 


JCTIOLOGY. — Little  is  really  known  on  this  point  We  K«e 
to  account  tor  the  presence,  in  the  affected  tissue,  of  cells  which  hw? 
CApabilities  of  growth  greater  than  those  possessed  by  the  Domtal  ctto 
of  the  tissue.  Increased  fotMi-irnjrpfi/  will  of  course  be  required,  hil 
this  is  of  secondary  importance ;  so  also  are  the  surrounding  P^X**^ 
conditions,  which  may  be  favourable  or  unfavourable. 

At  first,  all    tumours  appear  to  be    local,  and  locftl  CftlUSl  hive 
consequently  been  .wught.      A  causal  relation  seems  in  s*uuc  ca^io  to 
exist  between  injury  or  irritation  and  the  formation  of  a  tvwm. 
But  we  know  that  the  effects  of  these  influences  on  normal  tisawo  tft 
inflammation  and  h)^>prplasia,  and  that  they  produce  these  effects 
in   thoHC  who   are   the   subject^;  of  tumours.     Further,  no  bktioiy  •(] 
injury  can   be  obtained   in   fifteen  per  cent    of   the  cases;   and  tit] 
injuries  followed  by  tumours  must  constitute  a  very  smalt  proportioa 
the  total   number   of  injuries.     Still,   it   is    probable   tlial    injury,  %f] 
producing  hypenemia  and  inHaimnatiim,  may  bring  extra  fotxl  to  cdkl 
ready  to  gn>w,  and  may  diminish  the  physiological  resistatie«  of 
tissues  round  them.     Irritation  certainly  does  seem  to  have  a  puwcifui' 
effect  in  the  production  of  certain  epitheUomata  :  of  thes«  mdent  nkcn 
and  cpithelioniata  occurring  in  old  scars  or  in  the  scrotum  of  swtcp* 
are  good  examples.     Fur  the  vast  majority  of  cases  no  local  cauac  r«o 
be  found. 

The  cachexia  produced  by  malignant  growths,  together  with  their 
very  frequent  recurrence,  their  multiplicity,  and  their  hereditarioett — 
all  pointing,  it  was  said,  to  a  deep  affection  of  the  whole  crgantist 
— gave  rise  to  the  belief  that  malignant  growths  were  of  eoilStit»> 
tional  origin.  This  is  a  Imd  temi,  for  it  nuiy  mean  "gmrm//*  aad 
refer  to  the  constitution  of  the  whole  organism ;  or  it  may  refer  to  iW 
cimstitution  of  certain  cells,  and  have  a  iocal  significance.  \Vc  diaU 
therefore  use  the  word  geueraf.  Now,  we  have  already  ex}iUuned  tbst 
cnehexia,  local  recurrence,  and  multiplicity  may  be  the  rc»ilt«  vX  the 
growtli  of  a  tumour,  which  was  produced  by  multiplication  uf  a  fev 
abnormal  cells — i.c.,  tluit  they  may  be  due  to  a  /oca/  abuomudity. 
There  is  therefore  no  need  on  these  grounds  to  consider  tliat  tiM 
physiological  processes  of  all  the  cells  of  the  organism  arc  aboonaal 
and  tend  to  produce  cancer ;  or  that  removal  of  the  primary  grovtl 
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would  be  useless,  because  continuance  of  liie  general  abnormality 
would  reproduce  the  disease  elsewhere.  Nor  does  heredity  lead  to 
this  conclusion^  for  the  whole  of  nonaal  development  is  nothing  but 
the  transmission  of  local  peculiarities ;  and  moreover  hereditj'  is  at 
least  as  marked  in  multiple  simple  growths — fibromata,  warts,  lipomata, 
osteomata — as  it  is  in  cancers.  It  is  probable  that  all  tumours  are  at 
finst  local,  and  that  certain  of  them  become  malignant,  as  above  ex- 
plained ;  also  that  any  inherited  peculiarity,  which  results  in  abnomud 
#fn»wth  nt  a  certain  time,  affects  only  ft  few  cells,  or  it  may  be  many 
foci  of  cells  in  one  tissue,  and  not  the  organism  at  large.  It  is  obvious, 
howe^'er,  that  neither  the  constitutional  nor  the  loc^l  view  makes  any 
|Mrrteiice  at  explaining  how  the  abnormal  ability  to  grow  is  acquired  by 
thf  cells  that  give  origin  tn  the  tumour,  (oluiheim  advanced  a  hyj)o- 
ihfsis,  which,  if  true,  would  offer  a  juirtiiil  solution  of  the  difficult)'. 

nicorj  of  Embryonic  Remains. — On  thinking  over  the  hyper- 
trophies, the  excessive  formations  (su|iernumerary  digits  and  more 
C marked  examples  of  *' monster  by  excess  "),  the  teratomabi  and  other 
rongenital  tumours,  all  of  which  are  admitted  tt>  be  due  to  an  embry- 
onic cause,  many  of  which  are  hereditary,  and  some  of  which  do  not 
•ppear  until  years  after  birth,  it  o<*curred  to  Cohnheim  that  nil  tumours 
might  be  due  to  developmental  faults.  He  suggested  that  more  cells 
than  are  needed  for  a  |>art  are  ])roduced  ;  and  that  the  suqtlus  remain 
Id  an  vnibryonic  state  either  in  one  s])ot  or  scattered  over  a  whole 
tMMic.  Tlie  causes  of  this  error,  and  the  reason  why  the  cells  do  not 
develop  like  their  confn're.s  and  simply  enlarge  the  part,  are  unknown. 
VVr  know  little  of  such  collections  of  "  resting "  embryonic  cells, 
|KrhapA  because  of  their  sniidl  size  and   resemblance  to  leucocytes. 

KiuaJl  nii-vuid  sjiots  may  enlarge  greatly  after  birth  ;  congenital  moles 
hich  have  the  structure  of  alveolar  sarcomata,  may  later  on  become 
malignant,  and  islets  of  cartilage  from  which  tumours  may  start  have 
l>een  sliowai  by  V^irchow  to  occur  in  the  shafts  of  long  bones.  Perhaps 
all  these  may  be  regarded  as  embrj'onic  remains. 

AN6UEnifig  that  such  embr^-onie  foci  may  remain  among  adult  tissues, 

Cobnheim  found  that  his  view  accorded  witli  observed  facts.     There 

Id    be   no   ditficulty   about   the   reversion    of  adult   cells   to   the 

brj'onic   type ;    the  cells  in  question    would   start   with   their   full 

velojMnental  force.     The  reasons  for  lielieving  in  the  undeveloped 

nature  of  the  rudiment  are — (1)  that  power  of  growth  is  at  its  greatest 

in  the  cells  of  the  embryo,  as  is  shown   by  the  fact  that  embryonic 

cartilage,  transplanted  to  the  anterior  chamber  of  the  eye,  grows  into  a 
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regular  rliuii(ir(>iua,  whilst  udult  cartilage  is  Absorbed  ;  [i)  that 
tumours  Arc  obviously  distinct  from  the  part  in  which  they  \U 
adenoma  of  tht^  mamma  is  encapsuled,  and  its  duct*i  do  not  open 
those  of  the  nonnal  gland  ;  and  (.'^)  that  tumours  arc  not  subject 
that  regulating  mechanism  which  renders  the  metabolism  of  eadi 
subservient  to  the  good  of  the  tissues  generally. 

Moreover,  many  tumours  occur  at  points  where  the  dcvcl< 
processes    arc    complicated,    and    where,  thcref<»re,    errors   are 
likely    to   occur.     This   is  shown  by  the   fre<juency   with   which 
cinoma  affects  (1)  the  openings  on  the  surface  of  the  body;  (i) 
(esophagus^  where    it  is  crossed  by   the  left  bronchus  (the  food 
air-passage  were  originally  one  here);    (3)  the    cardiu,    pylorus, 
commencement  of  the  pyloric  jM»rtion  of  the  stomach,  where  the 
of  epithelium  cwrurs;  (4)  the  rectum,  at  the  line  of  union  l>etwcrnthe! 
vaginated  epiblast  and  the  hind-gut ;  and  (5)  the  extenial  os  uteri, 
Midler's  ducts  opened  into  the  uro-gcnital  sinus.     Adrni:>-myunuU  ■■  . 
the  prostate  occur  at  the  same  spot  in   the   male.     Smooth  luyunit* 
occur  almost  exclusively  in  the  uterus.     The  whole  utrms  ismadcupti^ 
foci  of  cells  nM'aiting  the  stimulus  of  impregnation  to  great  devolapaeflL 
Atypical  dfvelopmt'nt  of  on<>  fmnis  niiiy  occur  without  the  usual  »tiiBBlVi 
and   perhaps  we    should  rather   cx|K-ct   this  when  pregnancy  ha^lMi 
absent  or  infrequent ;  so  we  find  that  myomata  are  connnonest  in  cUcdf 
sterile    women.       Adenomata   of   the    nutuimff    may  l>e  similarly  ci* 
plained. 

Heterologous  tumours  are  always  so  placed  that  it  is  possible  to  ■> 
how,  by  developmental  error,  some  c^lls  which  would  iiatumllT  ifivc 
rwe  to  the  heterologous  tissue  might  have  been  ineludeti  in  the  tui 
germ.  'Hms,  dennoids  occur  in  the  neighUmrho^xl  of  not 
vaginations  of  the  cpiblast.  Muscle  may  easily  get  into  the  >Vol 
1)odies  from  neighlxiuring  muscle-plates,  and  cartilage  from  the  nidl- 
nients  of  vertebra*. 

Finally,    from    •jo   atypical    a    rudiment,    an    atypical    result   loigbt 
rca!»4:>nably  be  expected. 

Against  Cohnhcim's  view  it  may  be  said  that  notliing  is  really 
of  such  embryonic  remains ;  tiiat  many   of  the   points  of 
development  which  he  mentions  are  also  points  of  irritation — i 
narrowings  of  the  alimentary'  canal ;    and  that  many  tumoun 
gullet  and  rectum,  for  example,  though  nfar  the  point*;  mentiooe^^ 
not  at  them.     Cohnheim   himself  was   obliged  to  exclude  from  lU 
class  of  tumours  such  cases  as  epithelioma  of  scars,  of  the  scroUoB  t 
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]»,  &Dd  of  die  fU'R]  in  paraffin-workers,  in  all  of  which  irritation 
y<*o  obvious  a  part. 

The  concurrence  of  increased  blood-sapply  is  evident  in  many 

i^.,  cnlAFgement  of  ovarian  dermoids  at  puberty,  of  tumours  of 

e  breast,  ovaries,  and   uterus  in   pregnancy.     This  may   cause  the 

tiplitttion  of  cells  capable  of  growth,  and  may  explain  the  apparent 

lion  iif  tumours  by  injuries. 

Ptraiitic    Theory. — Malignant    growtlis — Carcinoma    and    Sar- 

-conM— in  their  obscure  origin,  their  tendency  to  spread  locally,  and 

diaeniination  by  lymph  and  bhwd  paths,  present  so  obvious  a 

blince  to  certain  infective  diseases,  such  as  tuberculosis,  that, 

tbc  |am«itie  nature  of  these  infective  diseases  having  been  demon- 

,  the  malignant  growtlis  are   naturally  suspected  of  ha\ing  the 

rliolog)'.     Some  pathologists  lean  strongly  to  the  view  that  these 

growthn  begin  by  the  inoculation  at  some  spot  of  some  parasite  which 

eicites  tht-  cells  to  rapid  multiplicatiim^nnd  l>elievc  that  infection  takes 

pitcc  from  this  focus  by  the  conx'eyanee  nf  the  pnnisite  along  the  lymph 

•nd  bto4Hl  pi«ths.      In  the  s<miewhat  unusual  cases  of  a  general  outbreak 

lUiJignimt  growths,  it  is  assinned  that  the  primary  focus,  in  which  the 

n  was  received  and  nmltiplied,  was  not  recognised  ;  a  parallel  can 

established  between  tlieni  and  eases  of  general  tuberculosis  in  which 

primary  focus  is  found. 

TTie  "  constitutional  thec»ry  "  is  also  resuscitated,  but  it  is  now  made 
pond  to  the  **  tubercular  diathesis,"  or  predisposition  of  certain 
to  permit  the  growth  of  the  bacillus  tutM-rculosis.  It  is  no 
bmgrr  supposed  that  all  the  tissues  of  a  cancerous  jiatient  are  tend- 
ing to  ;^w  cancerously,  or  throwing  something  into  the  blood  which 
••  will  out "  %omewhere,  but  merely  that  certain  tissues  will  permit  the 
^^huwlh  of  the  hypothetical  iwrasitc,  should  it  ever  readi  them.  This 
^^Pmalignant  prL-dis]»t>sition  "  may  be  inherited  or  acquired  ;  it  may  be 
^^m  Btnmg  tJiat  nothing  is  required  for  the  production  of  a  malignant 
^^powth  but  the  arrival  of  the  genn  at  a  predisposed  s|)ot.  In  other 
^^tt«9  lite  physiotfigicol  resist^uice  of  the  tissues  may  require  still  further 
depre«sk*n  by  injury  or  privation  before  they  will  permit  the  multiplica- 
CioA  of  the  germ  in  tlieir  midst  :  the  effect  of  irritation  and  injury  in 
OHCS  of  tubercular  disease  following  bronchitis  or  strain  of  a  joint,  and 
tlwoe  of  cancer  following  irritation  by  soot,  tar,  or  a  blow.  Irritation 
upon  this  view,  in  the  case  of  cancer,  held  to  depress  the  vitality  of 
epithelium,  and  to  cause  it  to  admit  to  its  own  sut»stance  a  germ 
and  tile  frequent  origin  of  cancer  of  the  breast,  at 
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the  menopause,  when  tlie  breast*€|utheUuiu  U  deg«iieraUug,  » 
in  support  of  it.     The  analogy  between  cancer  and  tubercle  maj 
traced  into  even  finer  details  :  thus  both,  when  they  aflect  the 
(rodent  ulcer  and   lupus),   take  an    unusual    course — slow   ul 
without  any  affection  of  glands  or  of  distant  parts  and  without 
■f!conipanying  "  cachexia." 

It  is  further  suggested  in  favour  of  the  parasite  theory,  that 
absorption  of  the  products  of  bacterial  decomjx>sitJon  would  help 
explain  the  cachexia,  and  might  account  for  the  fever  which  aceumpaniei 
the  growth  of  some  tumours,  especially  lymphoniata ;  and  that  bodi 
the  alleged  incompatibility,  so  to  sjieak,  of  active  tubercular 
cancerous  disease  in  the  same  subject,  and  the  rare  disap|K-anincr  of  • 
malignant  growth  after  a  fever,  especially  erysipelas,  nmy  be  due  t« 
the  triumph  of  one  organism  over  the  other  in  the  struggle  fiav 
existence. 

Tlie  presence  of  specific  parasites  in  emboli  derived  from  tumooR 
would,  it  is  said,  explain  the  groM-th  of  secondary  tumours  witlioat  tW 
liid  of  any  special  diminution  of  the  ph)'siological  resistance  of  the 
tissues  in  which  the  emlx>lus  Iwlges. 

IjLslly,  there  is  a  small  number  of  cases  recorded  in  which  cancer  of 
one  labium  has  caused  cancer  of  the  opposing  surface,  and  CripfS 
mentions  a  case  of  cancer  of  the  arm  resulting  from  contact  with  aa 
ulceruting  scirrhus :  these  are  regarded  as  proving  inoculability. 

This  concludes  the  a  priori  case  which  has  been  made  out  for  the 
{larasitic  origin  of  tumours.  There  is  but  little  positive  e\idcnce 
ill  its  favour.  Gussenbauer  alleged  that  he  had  dl»co\'crrd  the 
cause  in  certain  minute  highly  refracting  particles  in  and  bctwero 
the  cancer-cells.  Observers  have  uniformly  failed  in  find  any 
|uirasitc  by  means  of  the  ordinary  staining  methods,  or  by  meanei 
of  cultivations.  Shattoek  and  fiallancc  published  the  rcftultft  of< 
cultivations  from  a  large  numl>cr  of  tumours — malignant  and  simple — 
in  which  no  antiseptic  (that  might  kill  any  germ)  was  used:  but  thdr 
cultivations  remained  sterile.  They  concluded  that  if  the  pw^te  h 
a  protophyte  it  must  be  of  a  very  special  kind,  and  inclined  to  the 
view  that  it  is  prol>ablya  protoasoon^Mhich  cither  exercises  a  "sprnnatac 
influence,"  or  lives  as  a  true  parasite  in  the  epithelial  cell,  or,  by  ooa- 
jugating  with  an  epithelial  cell,  confers  upon  it  freiili  life  and  power  vi 
multiplication. 

During  the  last  few  years,  many  observers  have  found  In  the  epithcliil 
cells  of  cancers  what  they  believe  to  be  parniitic   protosoa. 
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"cAocer  bodiM*'  will  be  described  and  figured   in   tlie   chapter  nn 
ordnotuL    Their    features    have  in.iny   points  in  common  with   the 
oMcidu  known  to    produce    marked    t^pithelial    proliferation  in  the 
nbbU's  liver:  the  absence  of  spores,  however,  constitutes  a  notable 
(lilfcrence.     Ineffectual    efforts    have    been  made  to  supplement   the 
purrlr  aiuitomical   evidence.     The    capsule    of    encysted  protozoa  is 
belif  red  to  consist  of  chilin  or  of  cellulose  ;  but  careful  analysis  of  can- 
ctrviu  growths  fails  to  establish  the  presence  of  either  of  these,    \oone 
tus  ret  ujcceeded  in  separating  or  cultivating  these  supposed  parasites. 
Inoruliitions  of  cantor-juice  upon  man  and  animals  fail  not  only  to 
produce  the  disease  but  even  any  inflammatory  reaction ;  though,  on 
tlic  other  hand,  it  is  argued,  with  fairness,  that  to  produce  the  disease 
(ircdisposiUon  may  be  required. 
In  «pitc  of  the  resemblance  between  the  modes  of  spreading  and  the 
licnt  morbid  anatomy  of  the  malignant  grxjwths  and  tubercle — 
hirJi  really  goes  for  vcr>'  little — and  of  the  plausible  nature  of  the 
ber  viruments  adduced  in  fiivour  of  the  pansttic  origin  of  malignant 
jr  le  probability   seems  to  us  to  be  as   much  against  u  in 

t,  at  least  as  regards  the  true  cancers.  In  the  tnfectire 
lomata,  bacilli  carried  by  the  lymph  or  Uood-^treani  lodge  and 
te  an  infUramation  similar  to  that  which  thej  caosed  at  the 
focus  :  the  cells  of  the  granuloma  are  MeBy  leaoocytes — not 
pnigvny  of  cells  from  the  primary  focvs — and  the  trpdency  of  the 
eellaof  grmnulomata,  even  when  supplied  with  blood,  is  never  to  tauhipLy 
iwirfiDitrly.  It  baa  hitherto  been  believed  that  seeoodarj  ■luw^rnni 
growths  wefie  truly  the  progeny  of  the  prinary  growth — lonocd  hf 
aaltipliflatioa  of  cells  carried  from  the  fiwiy  fiieas;  and  tl» 
■danoti^  nature  of  tike  letoodMrj  growths  in  mrUnn  iifTonn  bM 
fdkcnU J  been  regarded  as  proof  of  it,  there  being  an  pu^titc 
of  "qpatnatic  iiiucncc  *  (p.  IIT).  Bat,  aa 
tlngaidiaUe  from  inOuiunatocy  tlwnr,  aoid  m  tmr  Belief  m  to  the 


ISO 


TUMOURS. 


Reviewing  the  whole  question^  it  is  obvious  that  we  have  only 
or  less  probable  surmises  before  us.  With  regard  to  simple 
Cohnheim's  theory  of  "  embryonic  remains/'  which  brings  them  into 
relation  with  "monsters  by  excess,"  seems  to  be  the  most  likely.  As 
to  true  cancers,  the  view  that  the  physiological  resistance  of  the 
connective-tissue  is  reduced  until  epithelium^  having,  perhaps,  only  its 
normal  tendency  to  grow,  can  invade  it,  appears  to  accord  best  with 
known  facts :  unusually  rapid  multiplication  of  epithelium  would  th«ii 
naturally  result  from  increased  food-supply.  As  to  the  vtiology  of  the 
Harcomata,  there  is  even  less  ground  for  surmise. 


ClaASSZFICATION.  —  Tumours  having  the  most  obvkmslr 
Rimilar  structure  vary  much  in  their  clinical  history,  whilst  others  of 
radically  different  structure  have  very  similar  physical  signs  and 
courses.  In  our  present  state  of  ignorance  no  satisfactory  classification 
of  tumours  is  possible.  Tlie  one  we  shall  adopt  is  based  upon  their 
histological  characters.  Tumours  arising  from  mesoblfutic  tissues  will 
be  arranged  in  three  groups ;  the  ^first,  resembling  the  most  highly 
differentiated  tissues ;  the  second,  the  ordinary  connective  tissues ;  and 
the  third,  the  embryonic  tissue.  In  dealing  with  tumours  from  ipt- 
blattic  and  hyjioblastic  tissues  the  same  order  will  be  followed. 

For  convenience  sake,  all  cysts  will  be  grouped  together  and  remarks 
on  them  made  at  the  end  of  tumours — though  the  great  majority  of 
cysts  are  not  tumours. 
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Classification  of  Tumours. 

I. — 'i^ypf!  of  Higher  Tissues. 
Type  ol  muscle      ....     Myoma. 

,,      nerve         ....     Neuroma  {see  Note  on  p.  13a), 

, ,      blood-vessels  .        .     Angioma. 

.,      lymphatic  vessels  .     Lymphangioma. 

II. — Ttfjic  of  Fully-developed  Connective  Tissues, 


Type  of  fibrous  (issue 

.     Fibroma. 

,,       mucous    ,, 

.     Myxoma. 

adipose    ,. 
cartilage    . 
bone, 
lymphoid  tissue. 

.    Li|x>ma. 
.    Chondroma. 
.    Osteoma. 
.     Lymphoma. 

III. — Type  of  Embryotiic  Connective-Tiuue. 
The  varieties  of  Sarcoma. 


THE  MYOMATA 

IV. — Ttfin:  o/Epiihelial  Tissucx. 
Epiblasi    i   t^KpiUa:  of  skin  or  mucous  membrane  .  Papillomt. 

^       1  i 

UypoUut,(  GUnds.  -     | 

V. — Tcraioitutia^  or  Congenital  Mixed  Tumours, 
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Adenoma. 
Carcioonia. 


CHAPTER  XH. 

THE  MYOMATA,  NEUROMATA,  AND 
ANGIOMATA. 


THE   MYOMATA- 


TlUTtWB 


'lie  MTOmatft  are  tumours  ronsibtiug  of  uiuMruUr  tiaaue. 
varittic'* — the  striated  .ind  non-striated. 
The  Striated  Myomata  consist  of  strutnl  ma«cl&     They 
teeedlngly  rare^  only  two  or  three  examples  havteg  been 
these   were   conKeuilal.     Striated    mosclCMC^^  gjUmuMf 
a  few  non-striated,  occur  in  the  nrDOOBsia  of  the  kJAmty  and 
found  in  young  children.     Striated  anude-oelk  ia 
of  organs  developed  from  the  WolCan  tiody 
inclusion,  in  this  body,  uf  ct^lls  from  the  adjacCBt 


The  Non-striated  Myomatm  are 

occur  also  in  the  prostate,  the  oESophafm,  the  rilamdi  aad  Ube 
ncs.    They  frequently  become  pfrfanf  Jatod  amd  fmm  fainC 


;y  are  much  commoner  than  Ihe  atriated 
always  ovi^nate  from  muscle^    They  n^  loni  dMtecOy 
tmnoon  surrounded  by  a  Sfaroaa 
in  the  midst  of  the  nnucnlar  tJMse  in  whkk  Chc^  V"^- 
Tliey  consist^  like  the  phyiioiDpfld  tinae.  «f 
n>d-shaped  nuclei,  more  or  leat 

stxesy  with  a  Tarrinc  oaiBtttir  ti 
dement* 
In  all  directiani  thn^  the 
ly  are  not  numcjom,  are 
most  Ireqaeot 


I. (J  THE  NEUROMATA. 

1h    calcification.     Haemorrhage,   mucoid    Hoftenia^,   aik!    t^; 

fonimtit)!!   of  cysts,  are  occasionally   met  with ;    also  infli 
ulceration  and  necrosis. 

Clinically,  the  rayomata  are  perfectly  innocent. 

Myoma  of  Utema.— llie  uterus  is  by  far  the  most  frequent 
of  niyoniata,  ami  here  they  constitute  tlie  so-called  "uterine  fibrokl** 
In  most  of  these  niuscular  tumours  of  the  uterus  there  U  a  large  pr^ 
portion  of  connective-tissue — hence  the  terras  "fibroid"  and  "fibfo- 
royoma."  This  is  the  ease  especially  in  older  growths.  ThoBC  newly 
develo|>ed,  however,  consist  almost  entirely  of  true  muscular 
They  either  form  firm  Iiard  masses,  embedded  in  the  uterine  walb^ 
project  into  the  uterine  or  abdominal  cavities.  When  prujeetin^  In 
the  uterus  tliey  constitute  a  connuon  form  of  uterine  |x>Iypua.  They 
do  not  fonu  till  after  puberty,  and  are  commonest  in  elderly  fttcrilrJ 
females.  Their  growth  is  usually  slow.  Pref^ancy  causes  them  («' 
enlarge  rapidly,  ami  they  undergo  some  involutiott  after  delireiy. 
They  generally  atrophy  at  the  menopause.  These  tumours  ape  oAca 
multiple,  'llie  older  ones  are  liable  to  become  calcified.  TheyalMi 
hometimes  undergo  mucoid  softening,  which  gives  rise  to  the  foi 
of  cysts  in  their  interior. 

THE  i«:x;romata.» 

The  Neuromata  are  tumours  consij«ting  almost  entirely  of  neiTN 
tis&ue.  and  are  among  the  mrcst  of  new  growths. 

The  term  *< false  neuroma"  has  been  applied  to  many  grawtl»J 
found  in  connection  witli  ner\'es.  Fibrous,  myxomatous,  and  guwroyj 
tumours  growing  within  the  nerve-sheatJi  have  been  iueludnl 
this  head.  Small  multiple  fibromata  of  superficial  nerves  are  »ora< 
hercditury.  The  bulbous  ends  of  nerves  in  stumps  are  by  some  cal]«dj 
ampntation-nenromata.  They  often  consist  only  of  fibrous  t1fi«uer< 
hut  may  contain  rolled-up  ner%'e-fibres — attempts  at  regenerati<m  ratber* 
than  a  tumour.  They  are  usually  intimately  connected  with  tlie' 
cicatricial  tissue  of  the  stump. 

'ITie  structure  of  true  neuromata  is  m(»st  commonly  that  of  a 
ordinarj'  medtdlated  nen'e-fibres ;  they  therefore  resemble  in  rtnM 
the    ccrebrtHspinal    nerves,  from   which    tliey   most    frequently 

*  If,  as  teems  prob«t>le,  nerves  ore  outgrowths  from  the  cer^ro-spinaS  ccflcrc, 
nruronuua  ibould  be  damtd  a*  eplUasUc  growths. 
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ir  nerve-fibres  ure  associated  with  more  or  less  connective-tissue. 
A*irch(»w  has  also  described  as  exceedingly  rare  formations  tumours 
ijinposed  of  non-meduIUted  fibres  and  of  ganglionic  nerve-tissue. 

Neuromata  rarely  attain  a  large  size,  but  usually  exist  as  sniall^  hard, 
single  mxlules. 

True  neuromata  always  originate  from  pre-existing  nerve-tissue — 
ler  from  the  cranial  or  from  the  spinal  nerves.  This  fact  determines 
Eheir  site. 

Cliiiically,  the  neuromata  arc  perfectly  innocent  tumours.  They 
u^n  cause  considerable  pain.     Their  growth  is  slow. 


THE  ANGIOAIATA. 

The  Angiiomata,  or  vascular  tumoursj  consist  of  blood-\csscls  held 
together  by  a  sinfiU  amount  of  connective-tisuue. 

This  group  includes  the  various  forms  of  na>vi,  and  aneurysm  by 
tomosiN.     They  may  be  divided  into  two  var'uiiex — the  simple  or 


..a. 


Kic.  45. — Capillary  Ntrvus  J  rem  Subcutaneous  Tissue  0/  a  ChiU. 
cap.  vesKl)  of  new  groH  th  ;  a.  normai  artery  ;  J.  fat'ceUs  ;  c.  capsule. 
X  3oa     Hcsluccd  \,     (Bojrd.) 

capillary  angiomata,   in   which   the    new    vessels   resemble   chiefly 

DorntiU    ca})illaries :    and    the  cavernous   or   venous  angiomata^  in 

rhich  llie  blood  circulates  in  a  cavernous  structure  similar  to  that  of 

corpus  cAvemoftum  of  the  penis.     TIic  characters  of  both  arc  well 

»%m  in  Uic  accompanying  Figs,  45  and  46. 
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1.  Simple  An^omata. — Thtriie  consist  of  tortuous  nnd  diUtc^ 
capillary  vessels,  held  together  by  a  small  qimntity  of  connecth^ 
and  adipose- tissue  (Fig.  45).  It  is  doubtful  wlut  proportion  at  \ht 
vessels  is  due  to  dilatation  of  the  original  capillaries :  Zieglcr  thiakt 
that  many  are  formed  this  way.  Some  are  of  new  formation.  Very 
irregular  dilatations  are  common.  The  capillary  walls  may  be  thin  or 
tiiick,  consisting  of  a  double  tier  of  cells.  One  or  tiro  supplying 
arteries  can  be  seen  in  most  sections.     These  growtJis  gencraUy  occvff 


FiC.  46. — Cavemotu  Aimrtu  tf  Livrr,  From  a  woman  aged  jq.  u. 
Large  spaces  bounded  t^  fibroia  walls.  &omc  containing  Mood 
d^ris :  e.  Uvcr-cctU  (too  large)  toward  wliicli  the  growth  u  boimded 
by  thick  fibrous  walls,     x  40.    Reduced  ^.    (Boyd. 

the  superficial  layers  of  the  cutisj  and  form  the  port-vrinc  stains 
mother's  marks  ;  they  arc  slightly  or  not  at  all  elevated.  Otbm  Be 
in  the  subcutaneous  or  submuct>us  tiHsue^  and  may  form  largt-  tuinovi%. 
Their  colour  is  red,  violet,  or  purple,  according  to  the  depth  c^ 
vessels  from  the  surface  and  the  rate  of  Hom-  tli  rough  them  ;  the 
frequent  colour  is  red  when  superficial,  bluish  wlien  subcut 
They  are  probably  always  congenital^  though  they  may  not  be  notirrd 
for  n  few  weeks  after  birth. 

Sim]>le  angioma  is  often  coaibijied  with  lipoma,  glioma,  en* 
Sometimes  cysts,  containing  dark  fluidj  form  in  thenL 
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2.  CavemoiU    Angiomata. — These    are    the   venous  ttimoun. 

ic  (jrowth  is  made  up  of  irregular  5brous  alveoli,  which  communicate 

xly  with  one  AnoUicr,  and  ure  lined  with  an  endothelium  similar  to 

it  of  tiie  veias  (Fig.  4f)).     These  sfiaces  are  distended  with  blood, 

rhjch  is  supplied  to  them  by  numerous  tortuous  vessels  and  circulates 

riih  varjnng  degrees  of  rapidity.     The  arteries  open  directly  into  the 

These  growths  are  commonly  of  a  bluish  colour.     They  may 

diffuse,  or  form  distinctly  circumscribed  tumourn.     They  sometimes 

.hibit   distinct   pulsation.     Their  favourite  seat  is  the  skin  and  sub- 

itaneuus  tissue.    They  may  occur  also  in  tlic  orbit,  muscle,  liver,  spleen, 

id  kidneys.     They  may  develop   by  tlilatntion  of  the  vessels   of  a 

ample  angioma.     They  nwy  be  congenital  ;  but  in  tlie  liver  Ziegler 

thinks  thf-y  devt-lnp  .-lilrr  middle  age,  when  the  cells  begin  to  atrophy. 

AAeurysm  by  AnafltomosU. — The  arteries  of  an  area,  es|)ecially 

on  the  bead,  become  dilated,  greatly  elongated,  and  tortuous  ;  perhaps 

new  \es>tls  form.     Some  are  congenital,  others  follow  injuries. 

I«yinpluukg^omata*— See  p.  150. 


CHAPTER  XIII. 
CONNCCnVE-TISSXJE  TUMOURS. 

THE   FIBROMATA. 

Tnu  IHbromata  consist  of  some  form  of  fibrous  tissue. 

Tlic  fibres,  wlu'ch  constitute  the  chief  part  of  the  growth,  are  either 
loosely  or  densely  packed  according  to  the  variety,  and  are  arranged 

tiler  without  definite  plan,  or  in  intercrossing  bundles  of  various 
or  in  wliorls  amund  the  blootl- vessels  (Fig.  47).  Yellow  elastic 
fibres  are  very  rarely  met  with.  The  cells,  like  those  of  normal  fibrous 
tisMie,  arc  gcnemlly  few  in  numlx^r,  and  are  usually  most  abundant 
afound    the    vessels.     They  are   minute,    spindle-shajH-d,   fusiform,  or 

ellate   bodies,  the   latter  having  pr«>cesses  of  varying  length,  which 

unirate    M-ith    similar   ])rucesses   from    neighbouring    cells.      In 

fresh  specimen   the  cells  are  uflen   so  small  and  indistinct  as  to 

c*jnie  visible  only  after  the  addition  of  dilute  acetic  acid.     These 

lU  vary  in  size  and  number  with  the  rapidity  and  age  of  growth — 

e  slower  and  older  the  growth,  the  deiLser  the  tissue,  and  tlic  flatter 

d  less  numerous  tlie  celU. 
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THE  FIBROMATA. 


The  fibromata  usually  cuntaiii  but  few  bloocl-vesbcls.  In  the  wtia 
growths,  however,  tliese  ure  often  more  numerous.  DiUted 
sometimes  form  a  cavernous  network,  the  wulls  of  which  Are 
united  to  the  tissue  of  the  tuinourj  so  that  if  divided  or  ruptured  ther 
are  unable  to  retract  or  eoll«i>se,  and  profuse  hivmorrhagc  may  thtu 
ensue. 

I'artial  mucoid  loftening  aiul  calcificatioii  arc  the  inort 
lecondary  changes  ;  ObMlicution  occurs  in  fibromata  springini:  &«i 
bone.  Ulceration  also  sometimes  occurs  in  those  growths  which  in 
situated  in  the  skin  and  submucous  tissues. 

Fibrous  tumours  present  two  rarieties,  Uie  soft  and  hard*  cnm- 


i^.;V.v/i^f^;. 


Fig.  ^-j.—I-'ibnms  Tumour  frvm  f he  Skin,  Near  ihe  cut  Uood-Tesad, 
V,  are  seen  some  cells ;  also  fibres  cut  transveredf.  x  aoo  «.nd 
reduced  }. 

sponding  to^  and  usually  originating  from^  the  loose  and  dense  varietkl 
of  ordiunr\-  connective-tissue  respectively. 

1.  Soft  Fibromata. — These  consist  of  the  looser  and  Icndenacl 
form  of  fibrous  tissue.     They  arc  met  with   as  diffuses!   growth*  iaj 
the  subcutaneous  and  submucous  tissues.     In  tile  former  situation 
often    form    large    pedunculated  and  noo-cneapsuled  tumours,   v: 
arc  commonly  known  as  wens.     These  are  sometimes  mulli|»le.     A] 
similar   growth  of  subcutaneous   tissue    is  met   with  in  moDnat 
fibrosnm.     In  this  disease  the  large  masses  which  hang  down  twm\ 
the   tliighs,   buttocks,  and  other  situations  consist   entirely  of 
fibrous   tissue.     They  often   contain  many  large  blood-%  essels,  SO 
their  removal  may  lead  to  severe  lueniorrhage. 

In   addition   to   these   diffused   gru^vths,   more   cireuniscribed 
encapsnled  fibmus  tumours  of  tlie  soft  variety  are  occasionallj 
with  growing  from  the  scalp,  scrotum,  labium,  intermuscular  ncptu, 
other  situations. 
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S.  Hard  IHbromata. — These  ure  composed  of  dense  fibrous  tissue. 
Wee  that  in  leudons.  They  are  firm^  hard^  encapsuled  tumours,  pre- 
«CDting  on  section  a  ^cyish-M-hile,  glistening,  fibrous  appearance. 
These  tumours  often  occur  in  connection  with  bone — especially  the 
upper  and  lower  jaws— originating  either  in  the  centre  of  the  bone,  or 
in  the  periosteum.  Growing  from  tlie  j>eriosteum  of  the  alveolus  they 
cunstitute  simple  fibrous  epulis.  They  are  also  met  with  in  the  nose, 
where  they  form  one  variety  of  nasal  polypus,  and  in  the  naso- 
pharynx, springing  from  the  front  of  the  spine,  or  from  the  base  of  the 
skulL  In  these  firm  fibrous  growths  the  veins  may  fonti  cavernous 
spsccs. 

/Vnother  variety  of  hard  fibrous  tumour  grows  in  connection  with 
nerves,  and  is  often  described  as  a  neuroma.  True  neuromata,  bow- 
ever,  are,  as  has  been  said,  among  the  rarest  (p.  1 32)  of  new  growths. 
These  false  neuromata  most  frequently  occur  in  connection  with  the 
Buperiicial  nerves.  They  grow  from  the  neurilemma,  and  as  they 
increase  in  sixe  the  nerve-fibres  become  expanded  over  them.  They 
are  vcr}'  firm  rounded  tumours,  and  are  frequently  multiple  and 
hereditary. 

Some  old  tumours  of  the  uterus  are  almost  or  quite  pure  fibromata  ; 
but  the  so-called  uterine  "  fibroids  "  are  in  most  cases  local  over- 
.•growths  of  the  involuntary  muscular  tissue  of  the  organ  (p.  132). 

The  fibromata  originate  from  connective-tissue :  from  the 
cutis  or  subcutaneous  tissue,  from  submucous  or  subserous  tissue,  from 
fascia,  from  periosteum,  from  neurilemma,  or  from  the  conneettve-tissue 
of  organs. 

Clinically,  the  fibromata  are  |>erfectly  innocent :  they  grow  slowly, 
and  do  nut  recur  after  removal. 


Psammoma. 


The  most  characteristic  feature  of  this  rare  growth  is  that  it  consists 
Urgely  of  calcareous  particles.  These  are  contained  in  the  concentric 
bodies  already  described  as  the  corpora  amylacea,  where  they  give 
file  to  the  so-called  "  brain  sand  " — hence  the  name  of  the  growth. 
The  calcified  cor|K)ra  amylacea  are  held  together  by  a  varj'ing 
iquantity  of  loose  fibrous,  highly  cellular,  or  mucous  tissue  containing 
vesscU. 

Pasmmomata  gruw  from  the  pineal  gland,  the  membrancA  of  the 
brain,  or   the  choroid    plexus,     in  the  latter  situation  a  p&anuuoma 
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often  contains  numerous  cysts.     It  is  of  no  pathologic^  importance 
except   when   of  sufficiently  large    sixe    to   produce  symptoms   from 

pressure. 

THE   MYXOMATA. 

The  Myxoxnata  consist  of  nmcous  tissue — i.e.,  u  fragile  connective- 
tissue  of  which  the  intercellular  substiince  is  translucent^  homogeneous, 
and  jelly-like,  containing  niucii  fluid,  and  yielding  mucin.  Physio- 
logically, this  tissue  is  met  witli  in  the  iitrctnat  hodtf  of  the  eye,  in 
which  the  cells  are  mundish  and  isolated  ;  and  in  the  umbilical  card,  in 
which  the  cells  art*  fiisifonn  or  stellate,  and  give  off  fine  anastonioning 
prolongations.  All  enihryonic  connective-tissue  (p.  f).^)  possesses  an 
intercellular  substance  containing  much  nmcin,  especially  that  which 

subsequently  becomes  adipose.  New 
foniintions  may  undergo  mucoid  de- 
generation, and  thus  closely  resemble 
in  their  physical  and  chemical  cha- 
racters the  myxomata  ;  but  a  myxoma 
consists  of  mucous  tissue  from  the 
first.  Tlie  myxomata  are  thus  very 
closely  allied  to  the  sarcomata,  and 
by  many  are  Included  in  the  same 
class  of  new  formations.  An  ttde- 
matous  fibroma  or  lipoma  closely 
resembles  a  myxoma  or  myxo-lipoma : 
Koster  believes  that  they  are  iden- 
tical. 

Structure. — The  majority  of  the 
cells  are  angular  and  stellate,  with 
long  anastomosing  prolongations;  others  are  isolated,  and  fusiform, 
oval,  or  spherical  in  shape  (Fig.  48).  Their  contour  is  vcrj'  indistinct, 
OMring  to  the  refracting  nature  of  the  intercellular  substance.  The 
latter  is  very  abundant,  perfectly  homogeneous,  soft,  gelatinifornk^ 
viscid,  and  yields  large  quantities  of  mucin  ;  in  it  are  a  varying  number 
of  amoeboid  cells.  Blood-vessels  are  not  numerous,  and  are  reatUly 
visible  and  easily  isolated.  A  few  elastic  fibres  are  sometimes  setui 
between  the  cells. 

Among  the  secondary  changes  the  most  common  is  rupture  of 
the  capillaries,  lucmorrhage,  and  the  formation  of  blood-cysts ; 
this,  however,  is  less  frequent  than  in  the  sarcomata.     The  cells  Iheui- 


FiG.  4S.—Afyjroma.  —  From  ihe  arm  : 
showing  the  charucieri^tlc  bnuiched 
anastomosing  cells,  a  few  leucocytes, 
and  OIK  or  two  spindle-cctls.     x  aoo. 
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Ives  may  undergo  mucoid  or  £Mty  deyemeration,  Mid 
lr«truycd :  this  is  vmaaSkj  aceoapaaied  bj  fi^oefeiiaoa  cf  the 
eUuUr    substance.      The     growth     mar    iaMmmm,     olcente. 


The  varieties  of  myxoma  ilepcod  pmofaSif  apon  H 

Ivilh  other  growths;    a  pate   mjTKona    is  VC17-  wniiTBal      The 

|MnBnoD  coinbinatioa  U  a  mrxo-Upoma.     Combmatioas  miih 

Sbromn,  ohoiiiirrniiri,  atid  adenoma  afc  abo  met  with. 

To  the  naked  eye,  the  nqrzomala  are  of  a  pecnBar  watt  gelatinifctm 

if  unci  of  a  pale  greyish  or  reddish-white  coloor.     Their  cait 

nsr&cp  yields  a  tenacious  mucilaginoos  liquid,  in  which  may  be  seen 

tfac  retliitar  elements  of  the  growth.     They  mre  asBaOy  separated  6001 

nirroundin^  structures  by  a  very  thin  6brous  capRilc.     Fine  pro- 

itions  extend  from  this  into  the  growth^  dividing  it  into  lobules  of 

Vinous  siaes.     In  exceptiotiaJ  cases  a  myxoimi  may  increase  by  the 

invasion  of  the  suiroondiiig  tissnes. 

JVyzomaU  grow  from  coimectiTe-tlnne,  and  are  most  cooumoo 

subcutaneous  and  subserous  fat,  and  in  submucoos  and  intermuscular 

le.     They  also  grow  from   the  periosteom  and  mcdolla  of  booe, 

the  connecUve-tissue  of  organs  (especially  the  t>reast),  and  from 

permntrium   of  nen-es,  forming  one  variety  of  "  false  neuroma." 

may  grow  from  the  placenta,  constituting  the  so-called  **  uterine 

hydatida." 

,Whea  situate   in  superficial  parts  they  may  become  pedimculated : 

the  Mbmucous  tissue  of  the  nose  they  constitute  one  form  of  nnsal 

Aypus.      In  the  skin  they  are  oflen  papillaiy. 

OBalcally,  myxomatu  occur  chiefly  after  mid-life,  and  are,  for  the 
part,  benign.  Their  growth  is  usually  slow,  but  they  may  attain 
iB  CBomous  size.  If  completely  removed  they  rarely  recur.  Some- 
limci^  however,  they  recur  locally  after  removal,  but  they  probably 
never  reproduce  themselves  in  internal  organs.  In  speaking  of  their 
Tf  tltcjr  occasional   association  with  sarcoma  must  be  borne 


THE   LIPOMATA. 
A  X«ipoma,  or  fatty  tumour,  is  a  localised  and  circumscribed  forma- 

resemble  in   their  structure  adipose-tissue  (Fig.  49). 

cells  containing  fat,  and  a  variable  quantity  of  common 

iTV-tlssue.     The  cells  are  like  those  of  ndipose-tissue,  though 
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Fig.  49- — Lipoma. — Some  of  the 
cells  oonlain  crystallisetl  fatty 
addi.     K  aoa 


usually  somewhat  larger.  The  nucleus  and  protoplasm  are  so  ooanpremA ] 
against  the  cell-wall  by  the  Huid  contents,  tliat  they  are  readily 

only  when  the  cell  is  atrophied  aod 
tains  less  fat  (Fig.  5,  p.  SO).     ConnecUvc-j 
fi       %-    ^     j^^K  tissue  varies  much  in  amount,  uoitcs  ifcr] 

y-^^^^*^!^  jpt^      cells  in  mas-ses  or  lobulefi  which  arc  Urger\ 

than  normal,  and  fomis  in  most 
jiround  the  tumour  u  thin  capsule 
firmly  adJiercnt  to  surroimding  pftrts 
to  the  tumour ;  so  the  latter,  in  moiEt  c 
"  shells  out  "  easily.  Blood-vessels  are di^ J 
tributed  in  tlie  fibrous  septa.  M\ 
tissue  is  often  associated  with  the  hXtf 
(myxo-lipoma). 
Secondary  changes  tit  the  lipom.tta  arc  not  common  ;  their  fibnwi 
septa^  mayj  however,  become  calcified,  or  cvcji  osalfied.  Sof^dUOf  j 
may  occur  also  from  a  mucoid  change.  Znflammation  is 
when  large  and  situated  in  the  subcutaneoufi  tissue  the  skin  over  IImh' 
may  become  adherent,  and  ulcenition  and  necrosis  of  the  tumoor 
occur. 

The  chief  Tarietiei  are  the  fibro-lipoma,  iu  wliich  tlic  f3bf«»| 
tissue  is  excessive,  and  the  nkyxo-lipoma,  or  combinatiou  of  mat 
witli  fatty  tissue.      For  UpO*flarcoma,  see  p.  IC>3. 

To  the  naked  eye  the  lijwmata  are  more  or  less  lobuUtctl,  aadj 
usually  surrounded  by  a  fibrous  capsule.  When  subcutaneous 
move  freely  over  the  deep  fascia ;  but  often  tlie  attempt  to  raise 
skin  from  them  causes  it  to  dimple.  On  section  they  preseot  the 
ordinary  appearance  of  adipose-tissue,  with  more  ur  Icvi  dense  tiicoui 
septa  between  the  lobules.  Their  consistence  and  their  ndhrsiou  to  the 
ca|)6ule  vary  with  the  amount  of  fibrous  tis.sue  which  they  coDtsin.  laj 
their  growth  thty  occasionuUy  become  |)edimcuUted. 

Lipomata  grow  from  connectiTe-tissae,  and  their  povible  dl»-1 
tributiou  is  almost  co-extensive  with  that  of  adipose-  and  oocmeeUfe- 
tissue.  They  occur  most  frequently  in  the  subcutaneous  tissue  of  tKe 
trunk,  es|>ecially  of  the  back  and  abdominal  wall ;  sometimes  in  intcr- 
musculor  septa,  subsynovial  and  subserous  tissues  ;  and  oci 
also  in  the  subnmcous  tissue  of  the  stomach  and  intestines,  and 
internal  organs  where  there  is  nonnally  no  fat. 

Clinically,  tlie  liiwmata  are  (]uite  innocent ;  they  grow  slowly,  but 
may  /ittnin  a  Imgu  hi/.e  ;   they  are  uMially  singlcjbut  arc  not  infrcqucntly 
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roulti|>lc  nnd  herediUnr.     Sometimes  they 
tiAcnh\y,  presumably  from  the  mfinence  aignrity. 


THB   CKONDROMATA. 

A  Cbondroma  is  a  tumour  composed  of  caitiU^. 
In  minnte  itructure  these  tumoun  ooostst  of  cells  and  «if  aa  Inter- 
substance,  both  of  which  present  all  the 
cartilage.     Tlie   itttercellular  sxd>staaee  may  be 
IDS,  or  mucoid.     When  fibrous,  the  fibres  amy  be  amn^ed  lUce 
of  6bro-cartiUge,  or  more  or  less  concentrically  araand  the  cclk» 
the   reticular  cartilages  of  the  ear  ami  larynx  (Fig.  30).     Tile 
may  be  distinct  or  hardly  perceptible.     Ulicn  hyaline  or  mucoid, 
iH    sometimes    quite    soft    in    consistence.      The    cdls    may    be 
nuinrrou9,  or  few  iu  proportion  to  the  matiix 
In   tlir   fibrous  fonus  they   are  often  small,  and 
even    somewtiat    spindle-shaped,    more    resem- 
bUnf;  Uiose  of  ronnective-ti!^ue ;  in  the  hyaline 
fonn»  tJtey  ore  usually  large,  and  either  round 
or  oral  (FE|i^.  51)  ;  and  in  the  rarer  mucoid  forms 
they  are  more  commonly  stellate  and  bimnclied« 
like  the  tran<utionai  cells  at  the  edge  of  artjealcr 
oirtiUges  where  the  synovial   membrane  ends. 

Utey  arc  either  single  or  arranged  in  groups,  and  are  osuatly  aitr- 
n>unde<l  by  a  capsule,  as  in  normal  cartilage,  although  thb  is  often 
rcry  indi.stjnct.  They  enclose  one  or  more  nuclei  and  slightly  granular 
roQtent^  ;  sometimes  a  cell-wall  cannot  be  distingui^ht-d. 

Oaldflcation  is  tlie  most  common  Becoadary  change.  It  affeeta 
«itJ>  peculiar  fre<|uenoy  the  largest  group  of  chondronnta — those 
of  the  metacarpals  and  phalanges  of  the  hands.  It  spreads  from 
many  centres,  commencing  in  the  capsules,  and  then  invohing  the 
'  V  ir  substance.  Ossification  is  especially  frequent  in  the 
.  ita  wliich  grow  near  the  junctions  of  the  epiphyaes  and 
fhafta  of  long  bunes.  Thet^e  ossify  as  they  grow,  and  form  the 
pedunculated  exostoses.  So  also  docs  the  common  sub-ungual 
esDitocU  of  the  great  toe,  whioli  is  generally  an  ossifying  fibroma, 
dbaodroma,  or  fibro-chondroma.  Fatty  defeneration  and  mucoid 
•oftoaiBC  *^^  common  changes,  and  may  lead  to  the  formation  of  Urge 
wfteoed  masses  which  present  the  appearance  of  cysts.  In  rare  cases 
the  kkiu  covering  the  tumour  ulcerates,  and  a  fungatiug  mass  protnidea. 
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Kia  51. — Hyuiimt  Chondroma. 

ChondroniHU   are 


The  varieties  of  chonUroma  dc]>end  upon  the  nature  of  the 
cellular  substance,  and  are  therefore  fibrous.  hyaUne,  and 

these  are  oftrn  cumbincU  in  the  *av 
tumour.  As  a  rule  those  oriju^inatiitg  fnin 
the  medulla  of  bone  are  of  the  hyaline  azai 
mucoid  classj  whilst  those  orifon^ting  6w 
connective-tissue  in  other  situation*  «IV; 
more  frequently  fibrous.  The  rapidly  pw^  I 
ing  fibrous  forms  approach  very  closely  la 
the  sarcomata  (cbondro-sarcoaa},  tW 
mucoid  forms  tu  the  niyxom-ita  (^nyx^ 
chondroma) ;  and  these  two  IcokU 
^>wtli  are  otten  iLvsociated  In  the 
tumour.  LliontlromHta  are  rarely  homologous  in  the  strict 
(p.  117). 

A  variety  of  chondroma  Iwis  been   described  under  the 
osteo-chondroma,  which  in  structure  more  closely  rcsenible% 
thnn  cartilage.      It  consists  of  a  tissue  stmibLT  to  that  met  with  beii 
the  periosteum   and   bone   in  rickets,  which,  from  its  resemblance 
(»sseouSj  has  been  called  osteoid  tissue.     This  only  requires  cah 
ti>  lieeome  true  bone.     Like  lx)ne,  it   is   mudc  up  of  tmbeculir  ssd] 
medullar^'    spaces ;    but    the    trabeculie,  instead    of   being    formed 
lM)Tie-coq>uscles  and  lamella'^  crnisist  of  kiuhII  nnguliir  cells  without 
cnpsulej  situated  in  an   obscurely  fibrillated  iiiatnXj  which   in   pari  M 
calcifie<l.     The  medullary  spaces  contain  a  fibrous  stroma  and 
blood-vessels.     The  osteo-chondromata,  although  consistiiig  maudy 
this  osteoid  tissue,  contain  also  a  small  proportion  of  cartilage 
originate  beneath  the  periosteum,  their  common  seat  l>eiMg  the  cttdi 
the  long  lx>nes.     Their  growth  is  very  rapid,  and  they  of\eu  attain 
ejionnous  size.    They  are  much  more  freely  Hupp1ie<l  witli 
tlian    tlic    onlinary    chondromata,   and    hence    they   arc    roadi    leMl 
fre<piently   the    seats    of  retrogressive  changes.     They  are 
prone  to  become  ossified,  and  to  t>e  thus  converted  into  true  bone. 

To  the  naked  eye  the  mnre  slotrhf  grutnng  chondmrnata  are  hard 
slightly  elastic  tumours,  smooth  or  lobulated,  and  seldom  exceeding 
sixc  of  an  orange.     They  are  encapsulcd,  and  crmsisl  either  of  a 
tumour  or  of  several  smaller  masses  held  togetlier  by  fibrckus  tiscnc 
which  the  few  blood-vessels  run.     On  section  they  present  the 
nncc  and  consistence  of  hyaline  or  fibro-cartilagc,  fre(|uently  mi 
by   one   or  other  of  the   secondary*   changes  above   ujcntionod. 
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Appemrancett  mar  be  those  of  a  6bn>fiM,  tbc  nirliliy  cdb  bcag  bbbb- 
cognbable  v  *hc  aid  of  the  mieraseopCL 

Tbc  MM>rr  -^omimg  forms,  Mftch  as  oftca  «ta«t  fioB  dke  pelvic 

boocs  or   ribs^myxo-chondrooMta^  ost 
■■mnimln — are   much   Urger,  softer,  and 
pwaut  the  appcamnce  of  pure  cartilage ;  oofy  a  fev 
will  bp  distinct  in  the  soft  gieji&h  I 
any  capsule  fruiu  tbc  adjaceot  tissues 

QumdfomatA  most  freqacntlr  grew  fro^ 
tfttTf  and  bone,   rrrr/  rarrhf  ham  cartila^ 
tiwn  start  in  connection  with  boocs,  gioauig 
pniasiralhf.     Their  favourite  scats  are   the 
toes,  the  lower  end  of  the  femur  and  the 
.and  tibia.      Muoh  \vs&  often,  the  libs  and  the 
hnw  has  sh(»wn  that  islands  of  eartilafce  aol 
shaf^  oi  bnnes ;  and  it  is  probable  that 
ujch  iidands  (p.  125).     The  tanaoan  gemeaSkj  be^ 
on  of  the  epiphyi^es,  whilst  the  bone  is  actiiclji 

Most  of  the  rmtantingftmHk  occur,  in  coafauatioo  with 

■a  **  mixed    tinnoon"   in    the    paroti4 

fWgy  tts,  as  the  source  of  cartilage  in  the  paiwHd,  an  tenant  Ut  of 

the  nidirocnt  of  thr  jaw ;  Virchow,  a  piece  vi  ibe  piBaa.     la  the  tealia 

^^ortio«i  of  the  rudiment  of  a  vertebca  may  have  beca  iaciBdcA     TW 

^fter*rau-%cular  septa,  the  subcutancooa  tuaoe  of  the  famit^  ^id  the 

^wpi,  arc  occasional  seats. 

■Lastly,  cartilagioous  growths  ma^  originate  6«Ma  cajtfla^  ftaelf 
(•e^ondrosea).  These  are  aotncthnea  seen  on  the  ncrCaoe  of  tfe 
fiaiieaUr  t^^rtiUges,  in  the  larynv  and  ^■^^■fcf^^  and  im  tfe 
^P^errrrtrttral  rartila^ces.  They  are  ■taply  local  OVCqpOVthi  of  i 
'  taniUs''- 

CUaicallyy   the    chondromata    are   ibr   the    ■ 
growtJti.     Tliey   are   usually  ssnglef  except  whca  <^*wr*-ff  «■  the 
and  toes,  in  which  ntnatioa  Ihey  are 
central  ^(rowtlis  of   the  phahmgcs  and 
Lrttit  or  brforc  narifiratinn  is  eoanplete :  the 
arr  rcmnnooer  later  on. 
softt!T  fonns,  especially  theae  startiiif  tram  booc  and  glands, 
ly  exhibit  more  or  \em  milignsnry — tendhig  to  recnr  locaQv 
ntfcly,  Ui  intV<  t  tht:  lunga  and  even  other  farta. 
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THE    OSTEOMATA. 

The  Oflteomata  are  tumours  consisting  of  bone,  cither  conRMCtw 
cancellous. 

The  osteomAtA  are  the  result  of  the  ossiBcation  of  n^wiy  formtd  (a^ 
nedivc-tisstie,  other  than  of  inflamniatory  origin.  They  must  be  cki^ 
distinguished  (1)  &oin  the  simple  ossification  of  normnUtf  rnMingimm, 
e,g.,  costal,  laryngeal,  or  bronchial  cartilages,  insertions  of  rooMki 
(rider's  bone  in  adductor  longus  and  the  like)»  and  membnuics  a(  Ifct 
brain  ;  and  (2)  from  similar  oss\ficaium  of  wji/tnintu/orif  tissue — such  ■ 
nodes  or  general  thickenings  of  bones,  tJie  sharp  staJActitic 
which  may  grow  round  a  carious  joint  or  on  the  surface  of  bone, 
the  smooth  round  prominences  which  almost  encircle  a  joinl  ia 
rheumatoid  arthritis.  They  roust  be  distinguished,  also,  from  calcunwm 
deposits  in  which  there  is  no  tionc  fomied  (p.  83). 

Osteomata   are    generally    divided    into    two   main    ▼arietles.  —  l. 
Homolo^OTis  osteomata,  subdivided  into  CKOstosea  aiuI  enoatOMt,{ 
ncconling  as  thry  project  frt^in  the  surface  or  into  the  medullary 
of  a  bone.     i.  Heterologous  osteomata. 

1.  Homologous  osteomata:  a.  Exostoses  are  divided,  acoonl-] 
ing  to  the  density  ut  the  buue  of  wliieh  lliey  consist,  into  two  kinds- 
(a)  the  compact t  ivory,  or  cbumaied  ;  and  {^)  the  camccHous  or  sporngy* 

(a)  The  IvOiy  exostosis  grows  from  periosteum.      It  occim 
frequently  on  the  external  and  internal  surfaces  of  the  skull :  th« 
Is  an  especially  favourite  seat.     It  is  met  with  also  on   the 
j>elvi.s,  and  on  the  up|)er  and  lower  jaws.     In  the  last-named  dtual 
it  may  grow  from  the  dental  periosteum. 

Such  growths  arc  smooth,  low,  rounded,  wide-lmsed,  cotered  by 
periosteum,  and  continuous  with  timt  of  the  old  bone,  from  vrfaich 
gYY>w.     On  section  they  are  throughout  of  ivor)'-like  density,  and 
are  usually  well-defined  from  the  a<ljaccnt  tiisue.     Micro»oopicalJy, 
lamells  are  arranged  concentrically  and  are  parallel  to  the  surfiioeof  I 
tumour ;  cancellous  tissue  is  absent,  and  Haversian  canals  are  few  uA\ 
narrow.     Some  s|>ccimens  are  less  dense,  the  Haversian  a 
as  numerous  as  in  ordinnr}'  compact  bone,  but  less  regulariy  nrrsnftd. 

O)  The  spongy  or  cauliflower  exostosis  i^  really  an 
chondroma.     It  grows  from  cartilage,  usually  near  the  juncUoa  cf 
epiphysis  of  a  long  bone  witli  the  shaft     It  is  espcciaJly  comniOB 
the  lower  end  of  the  femur,  and  at  the  up|>er  ends  of  the  tibia 
humerus.     Its  outline  is  less  regular  than  that  of  the  ivory  grovtht 
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but  it  is  prominent,  more  or  less  pedunculAtedj  Qzid,  su  long  as  it  is 
jroiin^  covered  by  A  cap  of  cartilage.  When  this  cap  ossifies,  growtli 
TV-,  ^    A  rtocti<m  shows  that  the  mass  consists  of  s]x»ngy  bone,  directly 

1  imms  with  the  cancellous  tissue  of  the  bone  whence  it  springs, 
«i(i  wimnuided  by  a  thin  layer  of  compact  bony  tissue.  The  mcdul- 
Ui)  KpKoes  may  contain  enibr)'onic^  Hbrous,  or  fatty  tissue. 

(f)  The  enoatoftis  is  u  dense  bony  ^'Towth  prujecUug  into  the 
mnliilli,  and  i^  vrn*  rare. 

'•■  Heterologous  osteomata  arc  very  rare  as  primary  growths. 
ThrT  haver  been  described  as  occurring  in  the  subcutaneous  tissue; 
but  ^fJdhcrbe  has  shown  reason  fur  believing  tliat  such  growths  are 
really  scbiiceous  adenomata  with  ossified  stroma  (p.  171).  B<m3' 
Iwiiour*  have  very  rarely  been  found  in  the  brain  and  cerebellum, 
VuU  o{  fibromata,  Upomata,  and  chondroniata  may  fissify.  The 
tecondar^'  growths  of  ossifying  sarcomata  connected  with  bone  ofltrn 

the  commonest   secondary   change   is  inflammation.     O^tteo- 
mata  may  also  become  carious  or  necrose.     The  last  change  is  most 
rrur  in  ivory  exostoses,  tflVcting  their  sej>;iration  fuid  cure. 
u  grncrally  grow  in  connection  with  bone  (homolo- 
|nu»)»  commencing  in  the  periosteum,  medulla,  or  persistent  islands 
■*■ -"-"' -."^ ;   but   connectiveotiBsue    tnmonrfl,    apfirt   from   bone 
.  (lis),  may  ossify. 
Gfti&ically,  the  osteomata  are  perfectly  innocent  tumours.     Their 
powth  I*  very  slow.     They    rarely   attain   a    large   sijse.      They   are 
oA«n  hereditaij*  and  multiple,  in  which  case  they  usually  occur  Ut 
':    Ufc.     (>5seous  growths  which  exhibit  malignant  cliaractere  are 
T    Mireomata     or     chcmdro-sarcomata,    which     have     undergone 
partial  owification.     From    these,  true   osteomata    nmst   be  carefully 
dt>tin|[ulKhcd  (p.  1 6o), 


THE    LYMPHOMATA 

The  Lymphomata  arc  new  formations  con.sisting  of  lymphoid,  or, 
It  b  wmutimcs  lallccl,  adenoid  tissue. 

Lymphoid  tisMic  is  now  known  to  have  a  much  more  general  dis- 

ibution  than  was   formerly  supposed.     It  not  only  constitutes  the 

iUicl<s  of  tJie  lymphatic  glands  and  the  Malpigbian  corpuscles  of  the 

tplecn,   but  also   Feycr's  glands  and   the  solitarj   ghmds  of  the  in- 

Ustsnc».  the  follicle!*  of  the  fiharynx  and  tonsils,  the  thymus  gland 
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and  the  trachoma  glands  of  the  conjunctiva.     More  recently,  IvrofiMj 
tissue    has    been    found    iu    other   situations;    as    an>und    tfac   Uoo^ 
vessels  of  the  pia  mater  and  uf  other  parts,  in  the  neighl)(MirlMadlf| 
the   smallest  bronehi,  in  the  pleura    iinmediately  beneath   Its 
thelium,  in  the  peritoneum,  in  the  mucous  membrane  of  the  ■lhntf«biy| 
canal^  and  in  the  medulla  of  bone. 

Wherever  it  exists,  the  sarar  general  structure,  that  iif  tk 
follicle  of  a  lymphatic  gland,  may  be  taken  as  tJie  ty{>e  not  anljd' 
physiological  lymphoid  tissue,  but  also  of  that  of  (withologloal  gnrwflfc 
Tills  ti^uc  consisU  of  a  delicate  reticulum,  within  the  mcftba 
which  are  numerous  lyiiiph-eurpuscles.  The  iriuuium  is  a  dove  n^l 
work  of  very  fine  fibrils.  Its  meshes  are  only  large  enough  to 
one,  or  at  most  very  few  corpuscles  in  each,  llie  fibriU  nsoiB^^ 
present  a  nmre  or  less  homogeneous  appearance,  and  nuclei  are 
times  to  be  distinguished  at  the  angles  of  the  network-  The  Itpnf^ 
corpujtcles,  which  constitute  the  greater  j>art  of  the  tissue,  can  in 
cases  be  readily  removed  from  the  meshes  oi  Uie  reticulum  by 
agitation   of  thin    sections    in    water.      They    are    identical    in 

characters  with  the  leucocytes  of  the 
As  usually  seen  after  death,  they  arc 
roidal,  pale,  semi-transparent  liocliea, 
considerably  in  sixe,  and  presenting 
differences  in  structure.  Some  arc 
and  appear  to  possess  no  nucleus  ;  in  otl 
a  distinct,  simple,  or  comprmnd  nucWa» 
visible,  which  is  usimlly  also  grannliir  ;  otlt 
again  are  much  larger,  and  contain  two 
even  three  nuclei  (Fig.  52). 

'Ihe  histological  and  physical  cliaractcn 
the  lymphomata  vary,  according  to  the  rapidity  of  their  dcv< 
In  ^^\^t  mpidlif  grutt-ing  Jm-^tts  \\\c  proportion  of  cells  is  very  great. 
of  the  cells  are   larger  than  those  normally  met   with   in   hiiij 
glands,  and  contain  two,  or  even  mure,  nuclei.     The  tumours  arc 
greyish-white  colour,  and  soft  brain-like  consistence — mucJi  like 
phaloid  cjuicer — yielding  abundance  of  milky  juice.     l*hey  may 
a  great  sixe.     The  more  slowljf  gropting  tumoun,  on  the  other 
are  less   richly    cellular.       The    larger   cell-forms  arc  aiinott  ent 
wanting.     The   reticulum    constitutes    a    more   prominent  pait  of 
growth  (Fig.  53}  and,  instead  of  being  exceedingly  dclicmtc,  is 
coarser,   and    forms   a   network    uf   broad    humogeueou^    ar    iSighi 
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Fig.  ^2,—Cfi/i/rvm  a  Lymfk- 
atU  Cnnt'th  in  fAr  Lnrr, 
Thoie  to  the  left  ive  the 
urdttury  lymph-corpuscl<:s, 
which  coastiiutcd  the 
grmcer  part  of  the  growth. 
To  the  righi  arc  some  of 
the  Urgw  clement^.     «  350. 
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Fig.  $^.  —L)  ml  >h  !n  i .  sxiion  of  ft 
firm  lyroplioma  of  the  medlftA- 
tintim.  Sbowiog  a  very  thickened 
reticulum,  within  ihc  mabcs  of 
which  ihc  lymphoid  ceU«  ate 
grouped.     X  aoo. 


ftbrilUtcd  bands.     As  the  reticulum  increases,  the   l3Tnph-corpuscles 
^dually  dimmish  in  iminber  and  become  arranged  in  siuuller  groups 
iriUun  its   meshes    (Fig.    5J).      Such 
growlhs   are   much    harder    than   the 
'-    r.i|iidlv  ^nwing  ones  ;    they   are 
n,;,. 'iiiio*  exceedingly  dense,  and  are 
ttttly  very  large.     These  variations  in 
*^'  i(rn[)ortion  of  ccUs  and  stroma  are 
(  '  -^tly  analogous  to  those  met  with 
in  lymphatic  gloiuls  as  the  result  of 
•cule  and  clinmie  iuflammation  respec- 
Urcly :  but  in  many  cases  the  relatioa 
:lirceu  cdli  and  stroma  remains  nor- 
M  in  hyperplasia. 

lymphomata   do   not  undergo 
•ecoadary  changes.     There 

ttndemy  tt»  f;itty  degeneration,  caseation,  or  soflcning,  »acb  M 
iu  »crufulous  glimdn. 
Ilic  l>^phomata  originate  ft*om  lymphoid  tissue,  being  «p>p«r- 
tly  uniform  overgrowths  of  pre-existing  lymphatic  structtiit* — nMUnly 
the  lymphatic  gUnds,  They  are,  therefore,  UMislly  hantAofgomB. 
icy  may,  however,  be  heterologous,  either  omriog  lo  Ihc  new  tiMOC 
extending  considerably  beyond  the  ccmfiDe*  of  Ha  origb^  or  tn  Ha 
occurrenre  in  situations  where  h-rophoid  tiflue  !•  not  praacnt  nomsDj. 
Thi5  Utter  condition  obtains  in  UndgVhi't  rthriM',  wid  in  eertahi  tono^ 
of  lyoipJioma  which  are  malignaoL 

In  some  cases  of  round-ccUed  saroomsy  which  maj  aff%iMSe  In  any 

onncctive-tissue,  the  matrix  uoderi^ocs  drrdofSBCBt  fartff  s  mttmmk  ; 

tlie    growtlts   spread    and    generalise    like 

are  called  lympho-sarcomsta.     They  may  ovf(riiMte  la 

glaiMlft. 

In  coDsidering  the  derchvpncnt  of 
in  miiMl  that  enlargementa  of  l|iBpiMtte 
of  an  inflammatory  nature,  being  dae  lo 
logloany,  as  already  indicated,  there  it 
lbe*e  inflammatory  growths  and  tff»e  I 
growths^  however^  tend   to  safarid^  the 
incrcaM?.     Further,  the  dev^p^Bcat  af  the 
of  the  iodaQanatoffy  givwlhiy  to  be 
injury.     Tha«,  an  injury  a»y  gnc  tsic 
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inent  of  the  fj^liuid ;  but  this  enlargement,  iDbtc«d  of  «ubuibnjr 
with  the  inflainniAtiorij  continues  to  incrcAsc  (sec  "  .%UlutD0  d 
Tumours  "). 

Clinically,  the  lyTn])hoin:ita  are,  for  the  most  |>art,  pcfto^ 
imiocent  tumours.  They  originate  most  frequently  in  the  lymjih*!*? 
glands,  which  thereuixin  undergo  a  continuou<i  increase  in  y^' 
Sometimes,  as  jdready  stated,  the  enlargement  of  the  gl&ud<i  apj""  " 
to  be  the  result  of  injury.  In  most  cases,  however,  no  fcuch  fioonr  ' 
irritation  is  discoverable.  The  glands  which  arc  cspeci*Uy  jmntv  !■' 
this  disease  are  the  cen'ical,  the  submaxillary,  the  axillarr,  Ifte 
inguinal,  the  bronchial  and  mediastinal,  unrl  the  alKlotninal  giUftik 
L'sualiy  only  a  single  gland^  or  a  bingle  grouji  of  glands,  ia  aScct<il : 
sometimes,  however,  the  growth  is  more  general.  As  the  gUtni» 
enlarge,  they  gradually  unitCj  so  that  ultimately  they  may  form  >«t 
large  lobulated  tumours.  When  occurring  in  the  mrtlia^stinuBi  ' 
may  invade  one  or  both  lungs:  they  constitute  one  common  fon:. 
mediastinal  tumour.  The  lymphatic  structures  in  the  intestine  miv  a 
the  siune  way  become  enlarged,  and  pruject,  so  as  to  form  |iolyp*, 

Tl»e  lym{>homatji  occasionally  cxiiibit  malignant  projK-rties.  Thi»  w 
especially  the  cane  in  those  richly  cellular,  soft,  rapidly  growini;  &m 
which  are  sometimes  met  with.  Such  growths  mny  rapidly  infiltrtlr 
the  Mummnding  structures,  involve  the  neighlx>uriag  lymphatic  gUtidft, 
and  even  infect  distant  parts.  To  these  malignant  fortus  the  Urm 
lymphadenomA  is  sometimes  applied. 

In  the  condititm  known  as  "  Modgkin'«  Disenfic.*'  and  in  leiichcimi, 
lyntphomatous  growths  are  met  with  in  various  parts  of  the  body. 


Hodgki&'s  Disease. 

'I'hia  disease  is  characterised  by  the  enlargement  of  tJie  lyni 
glands  in  various  jMirts  of  the  ImkIv,  together  with  the  developmcot 
lymphatic  growths  in  internal  organs,  especially  in  the  spleen,  and 
a  progressive  diminution  in  the  number  of  the  red  «»r|Miw:lcs  in  I 
bliHHl.        Tlic    new    growths  are    precisely    similar,    histolo;:' 
lymphoma.      The  diiieasc  was  first  descriL>ed  by  HodgWin,  njid 
afler   him,    "  Hodgktn's    Disease;"    it   is   also  known   as   "^  Ai 
Lymphatica."     It  is  allied  to  leuchiemia.  but  differs  e&senUally  tnna 
in   this  rf'h|K'ct,  that   the  m-w  formation   of  lymjiliaUc   tissue  » 
HsstH^iated    with   any   notable   increase   in    the  numlH'r  of  U»e 
corpusck-s  in  the  blotxl  (sec  "  lA'ucluemia  "). 
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I  I  lie  lyiTiphntic  glands  are  usually  the  earliest  seats  of  tlie  new 
^HDU'th.  At  Hi>l  only  a  single  group  of  glands  may  be  enlarged  ; 
^Hb«equently,  however,  the  proeess  beeomes  more  genenil,  and  the 
HpAiiclK  throughout  the  whole  body  mny  he  more  or  less  involved. 
Thr  groups  of  gUiids  most  oftt'n  nffcctcd  are,  in  the  order  of  their 
J  fre<juenry,  the  eenicnl,  the  axillary,  the  inguinal,  the  retro-peritoneal, 
I  the  bronchia],  the  mediastinal,  and  the  mesenteric.  The  new  growth, 
^Hbich  in  the  earlier  nUges  is  limited  to  the  glands,  gnidually  breaks 
^Brnugh  the  enpsules,  so  timt  the  enlarged  glands  l>eeome  confluent, 
^Mid  form  large  lobulated  masses.  The  growth  may  also  extend  still 
^%tttl»er  l>eyond  tlic  confines  of  the  gland  and  invade  and  infiltnite  the 
tljttcent  structures. 
Thi^  new  growtfi  of  lyn)|»hjitir  tissue,  which  roniniences  in  and 
»n  cxteiuU  beyond  the  confines  of  the  lymiihatie  glands,  is 
ultimately  followed  by  the  formation  of  lymphatic  growths  in  varions 
Itemal  organs,  but  more  especially  In  the  spleen.  The  spleen  is 
•tcfi  in  a  large  proporli^m  of  cases.  Here  the  new  growth  origi- 
in  the  Malpighian  bodies,  and  so  gives  rise  to  disseminated 
lulcs.  lliese  vary  in  size  from  minute  points  to  masses  as  large  as 
haxel-nut  or  walnut.  They  are  usually  more  or  less  irregular  in 
ithapr,  of  a  greyish  or  yellowish-white  colour,  firmer  in  consistence  than 
•plenic  tissue,  and  not  cneapsuled.  In  a<ldition  to  these,  wedge- 
ipcd  infarctions  surrounded  by  a  zone  of  hy{>eraemia  are  sometimes 
with^  similar  to  those  which  are  often  seen  in  leuchtemia.  The 
itself  is  generally  sfimewliut  increased  in  size ;  and  its  capsule 
usually  thickened,  and  often  adherent  to  adjacent  organs.  In  quite 
?ptional  cjLses  the  spleen  is  not  the  seat  of  these  dissemimited 
lis,  but  is  simply  uniformly  eiilarged,  like  the  Icuchppmic 
*n. 
The  liver,  kidneys,  alimentary  canal,  medulla  of  bone,  lungs,  and 
ibeutaneous  tissue  may  all  become  involved,  Uie  new  growths  occur- 
kg  ritlirr  as  notlules  of  various  sizes  scattered  tJirough  the  organs,  or 
a  more  infiltrated  form,  like  many  of  those  met  with  in  leuchtrmia. 
fiistolugically,  the  new  growths  are  precisely  similar  to  the 
iplioraatn,  and,  like  these,  present  differences  in  the  relative  pro- 
ms of  cells  and  stroma.  The  richly  cellular  forms  are  soft  and 
whilst  those  in  which  the  stroma  is  more  abundant  are  firmer 
more  fibrous  in  consistence.  Retrogressive  changes  rarely  occur. 
VVitJi  regard  to  the  pathology  of  the  disease,  it  is  undoubtedly 
obscure.     The  development  of  the  new  growths  cannot  in  most  cases 
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be  regarded  os  the  result  of  infection  from  a  primary  centre,  as  iht 
process  is,  for  the  most  part,  confined  to  the  lymphatic  structum,  ad 
many  and  widely  distant  groups  are  often  simultaneously  isrolrcd 
The  disease  thus  appears  to  occupy  a  different  pathologi^  poatn 
from  that  of  the  malignant  tumours.  It  i«  probnble  that  there  in 
special  weakness  of  the  lymphatic  structures  generally,  which 
them  prone  to  undergo  these  active  developmental  cl 
process  being  determined  by  some  unknown  factor,  Tlie 
anaemia  which  accompanies,  but  does  not  precede,  the  gland- 
is  possibly  due  to  the  progressive  implication  of  ti>e  h-mphitJf 
structures  and  to  the  consequent  interference  with  tlie  forniatiuu  uf  tiic 
blood-corpuscles.     (See  Leuchsrmia.) 


The  Lymphansiomata. 

llie  I«yinphang;ioxnata  are  tumours  consisting  of  ahnormally  Urft 
lymphatic  vessels.  It  is  doubtful  how  much  of  the  grtiwth  b  due  ta 
simple  dilatation  and  how  much  to  new  formation  of  lymfiliatic  tcttd& 
The  divisions  are  the  same  as  those  of  angioma — sbaple  md 
caTemoos.  A  section  of  the  latter  would  scarcely  be  distingulAabtt 
from  one  o{  cavernous  na'vus  (Fig,  4(i,  p.  134),  except  by  Ihe 
of  the  spaces.     There  is  generally  fat  in  the  stroma. 

Each  kind  may  be  congenital  or  acquired.  Congenital  diUtatioot 
are  found  in  the  tongue  (makroglossia),  lip  (makrocheiliA),  and  labinm. 
causing  hypertrophy  of  the  jmrts.  They  are  also  found  in  other  p«1» 
of  the  skin. 

Acquired  dilatation  of  lymphatjcs  is  foimd  in  the  skin, 
tljat  of  the  thigh  and  thorax.  Tumours  sometimes  as  Urge 
orange  may  be  thus  fonned  in  the  subcutaneous  tissue.  DaaKenMJ 
loss  of  lymph  may  occur  from  ru]>ture  of  one  of  the  %'essels.  Ftbnoidl 
thickening  may  occur  in  the  parts  from  which  the  lymphatic*  past  to* 
the  tumour. 


CHAPTER  XIV. 
THE   SARCOMATA. 

The  Sarcomata  are  tumours  consisting  of  connective-tissue,  of  a 
more  or  less  embryonic  type,  in  so  far,  at  lejist,  that  cells  predominate 
over  intercellular  substance.  But  in  central  parts  the  process  of 
development  seems  sometimes  to  proceed  to  a  further  stage,  and  fully 
developed  connective  tissues,  such  as  fibrous  tissue,  cartilage  or  bone, 
arc  fonned.     In  this  way  a  mixed  tumour  may  result. 

STRUCTURE. — All  sarcomata  consist  of  cells  embedded  in  more 
or  less  intercellular  substance,  which  varies  in  amount  and  character, 
and  supports  the  blood-vessels. 

The  cells,  which  usually  constitute  almost  the  whole  of  the  growth, 
consist  for  the  most  jwirt  of  masses  of  nucleated  protopl/Lsm,  rarely 
ponessing  a  limiting  membrane.  They  vary  much  both  in  size  and 
form ;  and  though  in  any  given  tumour  one  form  usually  predominates, 
all  may  generally  be  found  by  searching  teased  preparations,  which 
ihould  always  be  employed  for  the  purpose.  Often  the  different  fomis 
are  pretty  equally  mixed  in  the  same  growth.  There  are  three 
phneijMl  varieties — round,  spindle,  and  myeloid  cells.  The  round 
and  spindle  forms  may  be  either  small  or  large.  The  irregular,  multi- 
nucleated, myeloid  cells  vary  in  size,  and  in  the  number  and  size  of  the 
contiiined  nuclei.     One  cell  may  have  as  many  as  thirty  nuclei. 

The  intercellnlar  substance  usually  exists  in  but  small  quantity. 
li  intcn^cnes  itrfttrrn  ail  ceils  and  is  as  closeit^  connecifd  trith  than  as  in 
ordinary  conneetive-tissue.     These  points  are  often  relied  upon  to  dis- 

[tinguish  certain   sarcomata  from   cancers;   but  they  probably  do  not 

•  always  hold  good. 

The  stroma  may  be  fluid  and  homogeneous,  or  firmer  and  granular, 

'Or  more  or  less  fibrous,  or  even  chondrified  and  ossified.    On  its  amount 

[Wtd  nature  the  consistence  of  the  growth  depends. 

The  blood-vessels  anr  usually  very  numerous,  and  are  either  in 

^direct  contact  with   the   cells,   or  sepanited    from    tJiem    by  a    little 

fibrillated  tissue.  Their  distribution  is  very  irregular,  and  their  walls 
are  often  formed  by  nothing  but  the  cells  of  the  tumour.  Hence,  on 
the  one  hand,  the  ease  with  which  portions  of  the  tumour  are  carried 

away  in  the  blood  stream  and  tlie  tumour  generalised  ;  and,  on  the  other, 
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the  frequency  with  wliich  the  vessels  rupture  ami  }>ermit  e&tnmMU» 
of  blood  into  the  suhstancp  of  the  growth.     Lymphatics  are  onloMVb   ' 

An  examination  of  the  growing  border  usually  shows  a  great  txem 
of  small  round  cells  over  all  other  forms.  These  cells  extend  alnn^tfe 
connective-tissue  in  all  directions,  and  force  themselves  hrlwrcn  dK 
essential  elements  of  muscles,  glands,  and  any  adjacent  organs  nhik 
these  elements  themselves  become  pale,  undergo  atrophy,  and  fimUr 
disappear.  In  the  invaded  connective-tissue  many  cell-forms  air  mtn 
which  may  }>os8ibly  indicate  multiplication  of  the  fixed  eelU ;  hut  tt  ii 
almost  impossible  to  obtain  any  ))roof  that  they  help  to  form  tfcr 
tumour  (see  '*  Modes  of  Spread  of  Inflammation  "). 

In  an  ordinary'  examination  of  a  sarcoma,  the  growing  edge  ihoaW 
be  avoided,  on  account  of  the  predomirumre  in  that  part  of  small  round 
cells  over  those  most  chamcteristic  of  the  tumour. 

SECONDARY  CHANGES The  most  imiK»rtant  of  tbeae  to 

fatty  degeneration.  Ihis  always  i»ecurs  to  a  greater  or  leM  cxtnil 
in  the  older  portions  of  the  growth,  causing  either  softening,  or  tkft 
production  of  cyst-like  cavities.  It  is  frequently  associated  wttil 
rupture  of  the  blood-vessels  and  haemorrhage ;  the  latter  niay  ghe 
rise  to  the  formation  of  sanguineous  cysts  (p.  1(>-V).  Calcification 
(Fig.  (ki.  p.  161),  oulfication  (Fig.  61,  p.  161),  and  mucoid  daft- 
neration  are  less  common.  Ttie  occurrence  of  cidciHcation,  owilio  ! 
tion,  and  pigmentation  is  influenced  by  the  predisposatiim  of 
matrix  from  which  the  growth  is  produced — thus,  calcificatioa 
ossification  are  more  prone  to  occur  in  tumours  originating  in 
tion  with  bone,  pigmentaticm  in  tliose  originating  from  the  rati* 
eyeball. 


VARHTTIES. — Th<»ugh  all  sarcomata  j>ossess  the  same 
chanicters,  they  present  histological  and  clinical  differences  which) 
iLs  ba.ses  for  their  classification. 

The    principal    features   which    are    thus  utilised  arc  (1)   the 
dominant  form   of  cell ;  (2)  the  nature  of  the   stroma ;  and  (3) 
secondary  changes  to  which  the  growths  are  liable. 

(1)  The  predominant    form    of  ccfl  enables    us    to  distinguish 
groups;  the  roond-celled,  the  ipindle-celled,  iht  muced-ccIUd, 
in  whicli    no   special  form    predominates,    and  the    m jel Old* celled.  1 
Strictly    speaking,    this    last   group   is   n    mixed-celled    sarcMUia, 
though  the  myeloid  cells  can  never  be  said  to  predominate,  llir^ 
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|iicntly  w  numcniiu  lu  to  l>e  the  mcMt  <itriVlTi^  ohiect^  in  tbr  fiekl. 
vhr&  tumincd  micTo«copicalJy. 

[i)  The  stroma  xwty  he  mucous.  tibrxKi-*,  on:-  _  -  ►u'i  tt  Lx»n_v  ; 
hrace  vc  mAv  liave  n  mjrxo-BJurcoiaa.  fibro-&arcoma,  cboiidro- 
nrcomA,  luid  osteo-sarcomm. 

(.^}  Sircumata  uiav  uiuiergo  MVtNMiar3P  cAa;^,  wbich  are  josti- 
ftibly  described  as  distinct  varieties,  inasmuch  as  tKe  peculiarities 
4r>- rrpnxldocd  in  the  secontUiy  growths  The  chief  of  these  are: 
AcUAo-sarconUk.  characterised  b)'  the  devclofiiDeiit  of  black  pig^ 
uait,  and  cUorotoa.  a  verj  rare  fomi,  with  green  pigment ;  Upo- 
MfcOMy  ill  which  the  cells  underf^o  fatty  infihrmtian  ;  aiul  ealeUyias 
in  which  mlmreous  infiUmtion  is  Biarlced. 

FHYBICAI*  CHARA.CTERS-— Poirtsom  of  saroomata  vlMcfa 

kite  ondergimc  no  secondary  clianges  are  soft,  aenn-txaoKhicenty  and 

ptyiiU  or  piuktslt-irrry.     These  appearances  are  best  seen  near  the 

grommg  edge,  which  may  be  very  narrow.     The  diagnosis — even  with 

the  microscope — between  a  sarcoma,  especially  a   fibro-«arcoina,  and 

-  rit  fonns  of  simple  connective-tissue   tamooi^  may  be  cx- 

flitHcult.     This  is  dtie  to  the  higher  development   of  the 

eenKiml    parts  of  the  sarcoma  towards  one   or  other   variety  of  lidly 

ibraied    connective-tissue.       Degenerative    processes,   snch    as    &tty 

mrtamoffphosia,  and  especially  ha-morrhage,  may  greatly  interfere  with 

-  iial  apjfearauces :  the  occurrence  of  ha-morrhage  may  convert  a 

^:..J  Luiuour  into  a  blood-cyst  with  a  Mrarcely  recognisable  walL 

Aa  a  rule,  the  growing  edge  is  ill-deJined,  there  being  no  sharp  line 

''   ■'■  -'I    l>ctwccn    the   tumour  and    the  adjacent    parts;    but 

'      >  -  nwly  growing  tumour  may  acquire  a  capsule  by  stretching 

amund  itself  the  connective-tissue  of  the  organ  in  which  it  originates. 

HODC  OF  GRO'WTH  AND  SEATS —The  sarcomaU  always 
ipniiLT  fnHn  oinnective-tissuc,  nnc!  may  occur  wherever  connective- 
r lister  IS  present  It  is  doubtful  whether  they  start  from  adult  tissue 
4>f  r'p>Mi  ^>mr  embryonic  remnant  Congenital  warts  and  pigment- 
ipiL-i  '>i\ft\  stfTve  in  later  life  as  their  ^tariinp-pnints  (p.  125).  The 
tkin  An<i  subcutAiieous  tissue,  fascia?,  j^eriosteuni,  uiedulla.  and  lymphatic 
4flaiidt,  are  the  commonest  seats  of  sarcomata. 

CLINICAL  CHAHACTERS.— The  sarcomata  occur  nmst 
frtv^urntly  in  early  and  middle  life,  and  are  among  the  most  malignant' 
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of  new  formations.  They  arc  especially  chftnictcrised  by  Utctr 
tendency  to  extend  locally  and  to  infiltrate  the  Ruiroimdlng  stmi 
RO  that  they  are  exceedingly  prone  to  recur  in  toco  hfXer 
Butlin  has  shon-n  that  sarcomata  of  certain  parts  almost  alwmys 
lymphatic  glands  at  an  early  stage — viz.,  sarcomata  of  the  testis, 
lymphatic  glands,  and  some  fasciae.  Those  of  certain  otliCT  pMti 
no  tendency  to  affect  lymphatic  glands  at  all  ;  so  tJiat,  on  tiir  wbnlc^J 
sarcomata  present  a  contrast  to  cancers  in  this  respect.  Like 
they  are  ver)'  liable  to  l>ecome  generalised.  The  se«aadaiy 
occur  most  frequently  in  the  hmgs.  7*Ar  dUteminaiion  U  efetkd 
means  of  the  btottd,  and  is  a  natural  result  of  the  thinness  of 
vessel-walls  and  the  immediate  contact  of  these  with  the  cdU  of 
growth — conditions  most  favourable  to  the  entrance  of  the 
elements  into  the  circulation.  The  dissemination  of  tlie 
on  this  account,  sometimes  more  rapid  than  that  of  the 
In  the  carvinomata,  extension  in  the  earttf  stage  takes  plmce  Igr 
ti^mphiUics,  and  dissemination  by  the  blood  occurs  later  in  C^J 
disease.  The  secondary  s;ircomuta  usually  resemble  the 
growth,  but  in  exceptional  cases  the  several  varieties  may  rrplae»1 
one  another. 

It  has  already   been   pointed    out    that    the    different  rarietici   of| 
*couia  possess  very  different  degrees  of  malignancy.     As  a  rule,  tbe 
softer  and  more  vascular  the  tumour,  and  the  less  its  tendenej  te 
fully  developed  connective-tissue,  the  greater  is  its  malignaney.     T^j 
sof\  round-celled,  and  targe  spind/e-celied  varieties  are  thas  usually 
more  malignant  than  the  firmer,  sniatt  sj»ndte-cetted  gTX>wthsw     May] 
small  Epindle-ccUed  tumours,  afler  removal,  never  recur ;  whilst 
recur  locally  several  times,  and  ultimately  reproduce   themselves  Is] 
distant  parts.     As  a  nde,  htrgeness  of  tlie  spindle  elements,  and  thr' 
ejcistence  in  many  of  them  of  more  than  one  nucleus,  ore  together  I 
evidence  of  special  malignancy.     Central  sanxmiata  o(  bone  are  nnoch 
less   malignant    than    the    subperiosteal    varieties ;   the    Utter,    with 
sarcomata  of  the   tonsil  and    testis,   and  melanotic  sarcoma  of  skin, 
l>eing  among  the  most  malignant   of  tumours,     The    presence   of 
capsule    limiting   the    growth    must    also   tie   taken    into   aecoant  ta^ 
judging  of  the  degree  of  its  malignancy-     It  must,  however,  be 
in  mind  that  even  in  a  growth  distinctly  encapsuletl,  the 
elements  may  invade  the  adjacent  structures,     llie  myeloid 
are  the  least  malignant ;  they  may  in  exceptional  cases  give  riae  t*j 
secondary  growths  in  internal  organs,  but  "complete 
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A  VC17  good  chance  of  non-recurrence.     This  sonietinies  occurs  with 
growths  having  every  appearance  of  malignancy. 

Affording  to  Cohnhcim,  the  very  varj-ing  malignancy  of  sarco- 
matous tumours  goes  far  in  proving  the  necessity  for  that  diminished 
physiological  resistance  already  alluded  to  (p.  1S3), 

tROUNI>-CEI.LZ:i>   SARCOMATA. 
This  Is  of  softer  consistence  than  the  spindle-celled  growths,  and 
kcn  Its  frequent  resemblance  in  physical  characters  to  encephaloid,  it 
sometimes  known   as   "  medullflry,"    "ence- 
lalotdt"  or  "  soft  "  sarcoma.     HistologicallVj  it  :'-^  ^\ 

i»  eJrTnrnl.iry  embr)-onic  tissue,  consisting 
mainly  of  round  cells  embedded  in  a  scanty  and  \ 
Bsnanj  soft,  homogeneous,  or  finely  granular 
tateTcellulftr  substance  (Fig.  54).  The  cells 
moally  resemble  those  met  with  in  the  most 
demetttory  embr^^onic  tisi^e;  less  frequently 
they  art  bigger,  and  contain  large  round  or 
f»v«l  nuclei,  with  bright  nucleolL  There  h  an 
-t  complete  absence  of  fusiform  cells,  and 
'.lie  lurtial  fibrillation  which  is  so  frequent 
in  the  more  highly  devclopetl  spindle-celled  variety. 

Hjc  round-celled  sarcomata  are  of  a  uniformly  soft,  brain-like 
CBuittcnce,  somewhat  translucent  or  opaque,  and  of  a  greyish  or 
reddish-white  colour.  On  scraping  the  cut  surface,  they  yield  a  juice 
whkh  in  rich  in  cells.  They  are  exceedingly  vascular,  the  vessels  often 
being  dilated  and  varicose,  and,  from  their  liability  to  rupture,  they 
Ireqneotly  give  rise  to  ecchyinoses  and  to  the  formation  of  sanguineous 
rysti  (see  *'  Blood-Cysts  ").  They  grow  from  the  cutis,  the  subcu- 
tannms  cellular  tissue,  the  periosteum,  the  fasciff,  and  the  connective- 
trmnr  of  organs.  Tliey  extend  rapidly  by  peripheral  growth,  infiltrate 
the  ULrroonding  structures,  reproduce  themselves  in  internal  organs, 
and  often  involve  the  l^onphatic  glands.  From  their  clinical  and 
phyiiral  charBcters,  these  tumours  are  ver^*  liable  to  be  confounded 
with  cnorphaloid  cancer — they  are  distinguished  by  tJje  absence  of 
an  alveolar  stroma,  and  by  the  penetration  of  the  intercellular 
fobrtancc  between  the  individual  cells. 

GUOMA — Tills  is  a  variety  of  round-celled  sarcoma  growing  fntui 


Fig.  ^^fiovnd-ctlled 
Sarevwta.  A  ihia  section 
of  a  small  round-celled 
sarcoma  of  ihe  liver. 
X  sool 
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the  iieuroglin  or  cunnectivc-Ustiuf:  of  iicnc.     11  iH>n%i».U  i>f  very 
nnind  cells,  cni]H'<i*iecl  in  nji  rxcccdingly  scanty,  homogrncsms 
or  slighlly  fibrillnteil   interctllulftr  siibstnnce  (i'ig-  .^5).     .Some  rf 
celts  may  possess  fine  prolongations  which,  by  cainmuuicaUng  vilh 
another,  fonn  a  somewhat  reticulated  structure.    Thc*(e  tun>ounirerf 
soli  consistence,  and  o(  pinkish-grey  colour. 

Oliomata  occur  in  the  grey  and  white  substAnct'  of  tlir  liniin,  in  tlir 
cmninl  nerves^  and  in  the  retina.      In  tl»e  retinn  ti  glionui  usuaUv  ra^ 


Kio.  sv — Siimnmtt0tiM  Ttttfwnn  frvm  t/te  ilrain.  a,  AKiiomioC 
the  cerrbellum.  showing  the  appeanuice  ordinanljr  pmrntcd 
by  these  crowihs.  P.  A  compuutivsly  nrr  Totm  of  <arconft. 
consisting  of  large  niiclr^ated  cells  enclosed  wtihin  ihe  methes 
of  a  viuculnr  network.  The  development  o(  this  tumour  took 
place  in  the  bmin  sut>sequentlj  to  iHnt  o(  splmUc-orlled 
growths — primarily  in  tlir  (high,  .ind  secondiirily  in  the  lunf. 

.<    300. 

mences  as  n  minute  nodule,  which  may  gradually  increase  until  it  ptujfct* 
as  a  large  fungating  tumour  from  the  orbit.  Although  gtiotnatii  (fTO» 
slowly,  they  are  not  cncapsuled ;  and  altliough  they  n»ay  occMlnnaDt 
infiltrate  the  tissues  in  which  they  lie  and  cause  sccondarj*  growth*  in 
their  immediate  vicinity,  they  very  rarely  reproduce  tJiemselvc*  Id 
neighlmuring  lymphatic  glands  or  in  distant  orgatis.  Tboy  are  UaUe  to 
small  ha'tnorrhagcs  into  their  structure,  and  sometimes  t>eoome  man 
or  less  caseous.  So  oflen  are  these  growths  clinlcHlIy  "innocest,** 
that  by  some  they  arc  classed  as  a  variety  of  conne<-live-tiwue  tumour, 
of  a  "netiroglia"  ty|>c,  which  may  occasionally  become  wrcomatoa*. 


IfYMPHO-SARCOMA.— This   is  u  round-celled   sarcoma,  tat 

which  the  matrix  has  developed  into  a  more  or  less  perfect  retieohnik 
like  that  of  Ij'mphoid  tissue.     It  may  begin  in  lymphatic  glaiuls,  orinJ 
connective-tissue  anywhere.     It  is  distinguished  from   lymphofiM  lyj 
its  more  rapid  course,  anil  by  the  formation  of  *ecomUfy  growths  hf 
embolism  (p.  151). 


I 


AI«VEOI«AR  SARCOMA.— This  is  a  rare  fonn  of  rouiitl-eelled 
snrcoma  which  was  Hr^t  described  by  Billroth.  The  cells,  which  are 
Urge,  sharply  defined^  round  or  oval  iu  shape,  and  contain  round, 
prominent  nuclei,  arc  separated  from  each  other  by  a  more  or  less 
niJtrkcd  6brous  btronm.  In  some  jwrls  this  stroma  fonns  small  alveoli 
within  which  the  cells  are  grouped;  but  careful  examination  will 
always  show  that  in  most  parts  of  the  section  the  stroma  really  pene- 
trmtes  between  the  individual  cells.  This  last  named  character, 
together  with  the  nature  of  the  tissue  from  which  they  arise,  serves  to 
distan^ish  these  tumours  from  tlie  cancers, 
with  which,  in  many  cases,  they  may  easily 
l>e  confounded.  The  uccomjxinin^  drawinff 
Uiows  their  microscopic  characters  (Fig.  5^). 
The  ntroma  is  oflen  much  more  delicate,  and 
the  cell-masses  arc  occasionally  much  larger 
than  in  the  drawing.  The  cells  are  generally 
in  clone  connection  with  the  stroma,  though 
vessels  never  ]iass  in  among  them.  In  this 
latter  respect  they  resemble  epitheliaJ 
growths.  Ziegler  says  the  alveolar  structure 
may  be  due  to  the  tnmsfonnation  of  noruial 

inter\*ascular   tissue    into   sarcoma-cells,  wjiilst   the  vessels  with   tlie 
neighbouring  connective-tissue  remain  as  septn. 

Alveolar  sarcomata  are  met  with  priiicij)al]y  in  the  skin,  bones,  and 
muvles.  In  the  skin,  where  they  are  often  muUi|jle,  they  lead  to 
ulceration.  They  tend  to  recur  locally,  and  also  to  reproduce  thcnw 
sdves  in  internal  organs. 


Kir.  56. — .4 /lYo/nr Sarcoma. 
From  a  tumour  of  the 
Skill.      X   300.     (Godlee.) 


SPINDLE-CELLED  SARCOMATA. 

'I*he!ic  tumours,  ttiiich  include  the  growths  dt-scriUcd  by  Paget  m  this 
country  as  *' fibro-plastic,"  and  "recurrent  fibroid,"  are  the  most 
<H»mm<m  of  all  the  sarcomata,  'i'liey  consi.st  of  cells,  mainly  spindlc- 
Khaped  and  fusifonn,  separated  by  only  a  little  homogeneous  or 
Uightly  fibrillatcd  intercellular  substance,  and  often  forming  whorls 
round  the  vessels.  The  cells  contain  well-marked  ova)  mictei,  with  one 
or  more  nucleoli.  They  are  arranged  in  bundles  which  pass  in  all 
directions  thruugh  the  grow  th,  and  often  give  it  the  ap|)earanee  of  a 
5broma  or  myoma.  In  those  {mrtions  of  the  section  in  which  the 
VmndlcR  of  spindle  elements  have  l»cen  cut  transversely,  or  obliuueUv 


1.58 
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they  present  tlje  appearance  of  round  or  oval  cells.  The  cells  vary 
considerably  in  size  in  different  tumours,  hence  the  division  into  snudl 
and  large  spindle-celled  growths. 

SMALL  SPINDLE-CELIaED  SARCOMA.— In  the^  the 
cells  are  small,  often  not  more  than  j-sfj^  inch  in  length,  and  the  inter- 
cellular substance  is  occiisionally  imperfectly 
fibrilluted  (Fig.  57).  These  growths  ap]>roacli 
therefore  the  confines  of  the  fibromata,  and 
histologically  they  must  be  regarded  as  occu- 
pying an  intermediate  place  between  embryonic 
ami  fully  developed  connective-tissue.  They 
grow  from  periosteum,  fasciee,  and  connective- 
tissue  in  other  jjarts.  They  are  usually  firm  and 
M'hitish  or  pinkish-white,  and  present  on  section 
a  translucent  somewhat  fibrillated  appearance. 
They  are  much  more  frequently  enrapsuled  thun  any  other  variety  of 
sarcoma,  but  they  are  very  liable  to  infiltrHte  the  surrounding  struc- 
tures, and  to  recur  locally  after  reniovaL 


Kiti.  s7—SmaUSpiadif- 
ceiieJ  Sarcomit.  From 
a  tumour  of  the  leg. 
X  3oa 


LARGE  SPINDLE-CELLED  SARCOMA— The  cellular 
elements  in  these  tumours  arc  nmcli  larger  than  in  the  preceding. 


VlQ.  s^.— Large  spindle  telUd  Sar(vm<i.  To  ihe  left — the  cell* 
have  been  separated  by  teasing,  so  that  their  individual  formi 
are  apparent ;  to  the  right — they  arc  in  their  oatumJ  state  of 
appo&ition,  such  as  would  be  seen  in  a  thin  section  of  the 
tumour.    (Virchow.) 

The  cells  are  plumper,  and  l)oth  imclei  and  nucleoli  are  es|>eciany 
prominent,  and  frequently  multiple  (Fig.  58).  The  intercellular 
substance  is  more  scanty,  and  there    is  a  complete  absence  of  any 
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rilUtion.  These  growths  are  much  softer  in  consistence  thnn  the 
1-eelled  variety.  They  are  of  a  pinkish-white  colour,  and  are 
stained  by  extravasations  of  bloody  and  in  parts  are   sometimes 

lobt  diffluent  from  extensive  fatty  degeneration.  They  grow  rapidly, 
are  usually  exceedingly  malignant. 

MELANOTIC  SARCOMA.— This  is  a  variety  of  sarcoma  in 

ihichmany  of  the  ccllb  coutaiii  granules  of  dark-coloured  pigment. 


Flu.  59. — A  Mrlufiiftic  Sarctfiaa  of  the  Penis. 

A.  Sectioa  showing  the  general  tuTaogemcDt  of  ibe  eleracnu. 
X  aoo. 

B.  Secttoo  from  the  pcrripfacnU  port  of  the  growth,  showing  rlie 
' '  iodUfercDl  ceUa,"  amongst  viiiich  arc  small  isolated  pigmcnied 
efemeots.    At  «,  a  blood-vcnel  is  seen,     x   300. 

C.  Some  of  the  elements  separated  bjr  teasing.  In  these  tlie  pigment- 
graimles  are  urell  seen,     x  400. 

idbtinct  fh^m  the  pigment  of  extravasated  blood.  By  far  the 
numbtrr  of  melanotic  tumours  are  sarcomata,  and  most  of  the 
I,  which  were  formerly  described  as  "melanotic  cancers,"  belong 
this  doss  of  new  formations. 
»Uc  sarcomata  originate  principally  in  two  situations — in 
^  choroid  coat  of  the  eye,  and  in  the  superficial  integuments.  In 
"**"  of  these  situations  pigment  is  a  normal  constituent  of  the  tissues, 
*M  this  tendency  of  pigmented  structures  to  originate  melanotic 
iHs  \s  exceedingly  characteristic.  These  tumours  usually  consist 
^pihdlc-aiiAiied  cells  (Fig.  59),  and  hence  they  arc  described  in  the 
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preitciit  section;  but  in  home  cases  the  prtrvitilin^  type  of  cell  i» 
or  oval.  'ITie  pigment,  which  gives  to  them  their  ili*tinctircch*ri*tfr» 
consists  of  graiuile.s  of  a  brownish  or  dark  sejiiii  colour.  Tbe>e  ^rr 
mainly  distributed  within  tlie  cells  (Fig.  5;),  i),  tmt  nre  mIso  found  m 
the  intercellular  substance.  Frequently,  only  a  very  small  proporti«>n  •' 
the  cells  arc  pigmented,  whilst  in  other  instancen  the  pi^mentati*' 
nuieh  more  universul.  In  ull  cases^  a  larf^e  number  of  the  eleOMOiti  «U1 
be  fomid  to  be  quite  free  from  pigment. 

These  melanotic  tumours  are  amongst  the  most  malignant  of  thel 
sarcomatous  growths.  Although  they  show  ctmi|wnitive]y  iHlWl 
tendency  to  extciid  locally,  they  arc  rapidly  disseaiiiiated  by  DKam 
the  blooil-vessehj  and  occasionally  nIm»  l>y  the  lymphatics:  they  thu»] 
reproduce  themselves,  often  very  rapidly,  in  distant  tissues,  .Vll 
the  secondary  growths  almost  invariably  nuuntain  their 
chardctcr,  the  degree  of  their  pigmentation  varies  etmsideriWy. 
majiy  of  them  may  be  |>erfectly  black  in  colour,  otiicrs  inns  be 
|)a)er — perhaps  only  streaked  with  }>igment.  The  M^condary  grot 
are  soft,  usually  distinctly  circumscribed,  and  often  encap^uletl.  Th^y 
may  occur  in  almost  every  organ  of  the  Iwidy — the  liver,  the  spleen, the] 
kidneys,  tlie  lungs,  the  heart,  the  bmin  and  spinal  conl,  and  abo  the] 
lymphatic  glands  and  siibeut^meous  tissue,  may  all  be  simultaneott»ly< 
involved.  When  occurring  in  internal  organs,  the  pigmentation  n  DOt 
always  limited  to  the  secondary  nmlules,  but  many  of  the  cells  proper 
to  the  organ  itself  are  filled  with  granules  of  similar  pigtneut,  whkii^ 
is  most  abundant  in  the  cells  immediately  adjacent  to  the  new 
This  pigmcnUition  of  the  cells  of  the  organ  often  extendi  for 
distance  beyond  the  confines  of  the  tumour. 


OSTEOID  SARCOMA.— This  is  a  variety  of  sarmnrw  vhkli 
was  formerly  known  as  <*  osteoid  cancer."    Tlie  growth  (usually  sputdtc^J 
celled)  is  either  more  or  less  calcified,  or  jHirtially  converted  into 
Inme.     Asa  primary  growth  it  is  met  with  almost  exclusively  in 
nretion  with  Iwne,  growing  either  from  the  periosteum  or  the  ineduUa 
but  the  osteoi<l  characters  are  usually  reproduced  in  seconciaiy  tunioai 
occurring  in  the  lungs  and  other  jiarts. 

Ctihijicatioh  is  much  more  eonmion  thnn  true  osjti/it<tiion.     Kach 
these  processes  may  occur  separately,  but  they  arc  often  eunibined, 
Uands  and  )ialches  of  granular  appearance,  in  which  the  outliuea 
cells  may  still  be   visible,  or   in    which   all   structure  htvi  disMp| 
and  which  stmn  but   slightly,   show   where  calcification  tuu 
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60).     In  other  parts,  especially  near  the  bonCi  spicules  having  the 
icture  of  more  or  less  perfect  l>one — Haversian  canals,  lacuna?^  and 


'^j!P&* 


FiC  fA.^-~CaU%fyin^  Sarcoma.  From  a  secondary  tumour  of  th^ 
lung.  ShowiiiK  the  caldficalion  uf  a  &pinille-ct-Ilcd  growth, 
»nd  the  fonnation  of  broad  bands  of  calcified  intercellular 
material  enclosing  spaces  wlucb  contain  round  and  oval  cells. 

trfcct  cnnaliculi — will  be  seen  penetrating  the  growth  (Fig.  61). 
lipicules  are  generally  vertical  to  the  surface  of  the  bone.     In  some 
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FlO.  bt.—Orsifying  Sarcoma  if  Lower  Jaw.  t.  Sarco[na>tisuie ; 
fi.  new  bone,  growing  from  jaw.  of  which  the  structure  is  fairly 
typical;  /.  point  of  commencing  ouihcatian.  Only  nuclei  of 
cells  are  indicated  ;  close  to  the  bone  the  stroma  is  very  fibrous. 
x^a     (Bo>d.) 

a  skeleton  of  bony  spines  radiates  from  the  bone  through  the 
th. 

•  th  calcification  and  us.Hi6cation  may  be  very  complete,  but  a  thin 
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margin  of  aarcoma-tijsinte  is  always  present.  A  simple  osteomii  wnuU 
have  cartilage  or  jH'riosteum  on  its  surface  and  would  be  of  mwi 
slower  growth.     It  is  most  important  to  recognise  this  difren''nce. 

BIYEIX>ID  SARCOBSA. 

This,  which  is  the  well-known  "myeloid  tumour/'  is  soincvhit 
allied  to  the  spindle-celled  growths.  It  possesses,  however,  ccrtiiD 
histological  peculiarities  which  probably  depend  upon  the  chancten 
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of  the  tissue  fn>m  which  it  grows.     MycKjid  tumours  nearly  always 
occur  in  i-onncrtion  with  lH>nc,  and  most  fn'ciucntly  originate  in  the 
medullar}'  cavity.     They  contain   many  of  the  large,  niulti-nucleatfd 
cells,  already  descrilK'd  as  ''myeloid  cells" — which  resemble  the  CfUs 
of  the  medulla  in  a  state  of  excessive  nutritive  activity — together  with 
numerous   fusifonn    cells    like    tliose  met  with    in  the  spindle-eellcd 
varieties.     There  are  also  some  suialler  round  and  oval  elements.     The 
large    myeloid  cells  which    give    to   these   tumours    their   distinctive 
i'haracters,  arc  usually  nnich  more  mimerous  in  those  gn>wths  which 
originate  in  the  medullar}*  cavity  than  in  those  which  spring  from  the 
]>eriosteum.     These  various  forms  of  cells  are  almost  in  contact,  there 
being  verj*  little  intercellular  substance  (Fig.  (y2).     The  gniwths  are 
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sometimes  so   vascular  ns   to  give  rise   to   distinct  pulsatioD. 
often  contain  cysts. 

Myeloid  tumours  almost  always  grow  in  connection  with  bone,  the 
ends  of  the  long  bones  being  their  favourite  seat  They  are  also 
frequently  met  with  springing  from  the  periosteum  o£  the  upper  and 
lower  alveolar  processes,  where  they  constitute  rmc  form  of  epulis* 
When  originating  within  the  medullary  cavity,  the  compact  tissue 
of  the  bone  becomes  ''expanded"  over  them,  and  they  thus  often 
commiinicate  to  the  fingers^  during  examination,  the  peculiar  sensation 
known  to  surgeons  as  "eg^hcll  crackling."  True  expansion  of  bone 
is,  of  course,  imjxissihle — really,  the  old  bone  is  absorbed  from  within 
by  the  tumour,  and  the  periosteum  lays  down  new  l)one  on  the  surface ; 
absorption  is  more  rapid  than  new  formation,  and  the  thin  surface  layer 
of  bone  fields  and  crackles  under  pressure,  or  is  actually  wanting  at 
spots  where  pulsation  is  marked. 

The5;e  tumours  are  for  the  most  part  of  firmer  consistence  than  the 
other  varieties  of  sarcoma.  Many  of  them  are  firm  and  fleshy  ;  others 
arc  softer,  more  resembling  gelatin-size.  They  are  not  pulpy  and 
fCrumouK  like  the  soft  sarcomata,  neither  do  they  present  the  fascicu- 
lated appearance  of  the  spindle-celled  varieties.  Their  cut  surface  has 
a  unitbnn  succulent  appearance,  often  mottled  with  patches  of  red. 
Tlii-s  red-brown  or  maroon  colour  varies  with  the  number  of  giant-cells 
present,  and  is  ver)'  charaeterintie.  The  tumours  are  often  eueapsulcd 
by  the  periosteal  covering  of  the  bone  from  which  they  grow.  They 
arc  rare  after  middle  life,  and  are  the  least  malignant  of  all  the 
tutsonuitA. 

Cylindroma. 

The  name  Cylindroma  is  ap))lied  to  a  group  of  tumours  in  which 
the  cells  are  arranged  in  hollow  columns  or  globes.  The  interior  of 
these  structures  is  frequently,  but  by  no  means  always,  occupied  by  a 
blood-vessel  surrounded  by  hyaline  material.  According  to  some 
wiihoriUes,  these  tumours  are  really  myxo-sarcomata  from  the  first 
In  the  opinion  of  otherH,  they  are  sarcomata  in  which  the  adventitia  of 
the  vessels  has  undergone  mucoid  degeneration,  while  the  vessels 
themtclves  have  developed  varicose  dilatations.  Zicgler,  to  emphasixe 
the  Urge  sixe  and  number  of  the  vessels,  and  the  general  character  of 
the  tiMue  Anitiiul  thcin,  has  suggested  the  name  angio-sarcoma 
myxomatodei*  In  all  pn»bability  several  furnis  of  new  growth  have 
been  incbuled  under  the  name  cylindroma. 
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Blood-cyflts. 

Tumours  are  oocasionallyniet  with,  iiitn  whirli  m)  much 
hus  Uken  pUcf,  that  their  ren!  imtiire  is  masked,  and  their  4| 
is  that  of  blood-oysts.  Tlie  luiture  of  these  blood-cy»t«  hm  odffj 
recently  been  lUulerstoiKl,  They  are  now  known  to  Ik-  in  the  roajifi"? 
of  cases  soft,  roiuid  or  spindle-ceUcU  !>»rconuitjt.  They  ciiruia  *: 
broken-down  bl(H>d-caa|fuln  surrounded  by  an  ill-defined  Uyer  tif  i^ 
siireonia-tissue,  which  is,  ns  n  rule,  clearly  revealed  by  the  inicnncop. 
These  (growths  are  exceedingly  malignant,  ;uid  hence  the  rccogniUM 
of  their  sarcomatous  origin  is  all-important. 


CHAPTER  XV. 
EPITHELIAL  TUMOURS. 


THE   PAPILLOMATA. 

The   PapiUomata  are   new   formations    resetnbUng    in 

ordinary  |)apill»\ 

They  con'iist  of  a  basis  of  connective-tissue,  which  sends  tomrdft 
surface  numerous    )>apillar}'  processes,   each  «up])orting    lilood-vi 
which  end  in  a  capillary  network   or   single  loop,  the  whole 
enveloped  in  a  covering  of  epithelium.     The  papillrr  may  be  abort 
simple  as  in  an  ordinary  wart ;  or  they  may  l>e  long,  drlicntc,  1> 
— giving  off  secondary  and   tertiary  offsets — find  very  nutner< 
vitiouM   tumourt.     The  covedng  epithelium  in  skin-gmwllift   b 
hard  and  stratified,  and  may  actually  bind  the  papilltp  into  a 
man ;  but  on  mucous  mendiranes  the  slender  vascular  pt 
covered  by  a  small  amount  of  delicate  epithelium,  and  in  conacqi 
they  are   easily  lacernble.     Warts   on    serous   membranes    air 
covered  by  a  nngle  layer  of  endothelial  cells. 

Hemorrhage   and   tilceratiuii   resulting   fmm   injury  can   hatdl^ 
classed  a.s  secondary  changes.     Tlu-  only  im|K)rtf4nt  rhan^ 
|>ossible  conversion  of  a  papilluma  into  an  rpitlielioma.      In  a 
the  epithelium  Ls  on  the  surface — no  matter  how  irregular  that 
may  be.     As  s^H»n  as  the  epithelium  bi-gins  to  twr/ic/f  Ihf  tisjmeg 
iij  the  wart  has  become  a  cancer.     Pigmented  warti  not  uncon 
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on  the  faee  in  old  age,  and  it  is  well  to  watch  but  mol  to  irritAte 
them. 

Four  Tarieties  can  be  readily  distinguished. 

1.  The  ordinary  skin-wart  with  its  covering  of  hard  squamous 

CondylomHt^i  and  venereal  warts,  due  to  the  irritation  of 

'    ions  of  soft  sores  or   gouorrhuvi,  deserve  special   mention. 

',  though  covered  by  squamous  epithelium,  are  much  softer,  more 


Vn>^ 


^#,i-? 


Fml  63.— ^SkMCm  0/  Wart  om  Skin  0/  AMomeit,  t.  Epithelium ; 
<,t.  conoeclive-ttssue  continuous  with  epidermis  and  cutis ; 
J.  accumufaiticms  of  bomy  epidermis  deep  down  betweeo  the 
papilLc,  looking  in  tectioD  like  large  nests,     y  la    ^Boyd.} 

iWr  and  more  Itixuriant  in  growth  than  the  ordinary  skin-wart, 
ley  affect  wnrm.  moist  parts. 

)C  The   soft   wartfl    juid  villous   tumours  of  all  mucous  surfaces. 

we  usually  characterised  by  long  delicate  compound  papilla?. 

tongue,   cheek,   lar}'nx,  and    bladder   are    the  parts  most  often 

TcctetL     The  pjipilUry  enlargementa  of  the  synovial  villi,  which  are 

ID  in  chrunic  arthritis,  may  be  included  in  this  group. 
2).   Comi. — These  (\imi»r/ic^  as  papillomata ;  but,  as  the  epidermis 
ickrns  and  is  pres^etl  by  the  Uml  into  the  sott   (jarts,  tlie  papillie 
Itimjlely  atrnphy. 

4^  SSoma  ^)mi?  inches  long  oceasiooally  springing  from  the  Akin, 
consist  of  ejnthelium  and  sebaccotia  secretion,  and   originate 
V  M  cous  follicles  or  from  a  sebaceous  cyst.      It  is  said  that  long 
'■■>ject  into  their  Iwses,  so  they  seem  to  be  allied  to  warts. 
T?w  ba.sc  must  be  removed  with  the  hum,  or  the  latter  will  recur. 
1*0  the  naked  eye  tiic  ordinary  wart  is  a  hard,  abruptly  elevated 
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little  mass,  apparently  formed  of  epithelium.  It  present*  on  inrgulir 
("warty")  surface  often  divided  by  deep  fissurcji.  If  tht-  iarcatafi 
epithelium  be  abundant^  or  tlte  {Nipillu^  be  very  sliorl,  «  rounded  MM 
ha\in^  a  merely  fumiwed  surface  results;  but  as  the  (Mpillir  lenictben 
and  the  epithelium  thins,  the  growth  prtrsents  first  a  cauliflower,  litem 
a  branched,  and  finally  a  villous  appearance.  The  Utter  appfttraace  li 
best  seen  on  placing  a  "  villous  tumour  "  of  the  bladder  in  water,  wWra 
the  long  delicate  papillie  Hofit  up.  They  are  exceedingly  vascular.  Oa 
section  of  H  papilloma  the  relation  between  stroma  and  epitheliuni, 
above  described,  can  be  seen,  even  with  the  naked  eye  (Fig.  65). 

PaptUomata  always  originate  from  skin,  or  fmm  mucous>  «einn, 
or  synovial  mcmbnines.  They  mos't  frequently  grow  from  prr-exiBtin| 
papillee ;  sometimes,  however,  they  occur  where  no  papillv  exist, 
springing  directly  from  the  sub-epithelial  coniiective-tiasue — this  is  tlx 
case  in  the  stomach  and  larynx.  As  all  new  growths  on  free  siirUn* 
tend  to  liecome  *'  papillary,"  this  form  of  tumour  is  prolubty  the  rrwlt 
of  physical  conditions.  According  to  this  view  a  wart  Is  «impl|]r  • 
fibroma  become  papillary  by  an  accident  of  pontiun ;  and  papiUoBrnta 
jis  a  class  should  tlierefore  disappear. 

Clinically,  warts,  so  long  as  they  remain  warts,  are  quite  innocevL 
They  are  connimn  in  cliildho«xl  and  early  adult  age,  rsprciaJlr  upoB 
the  bands  and  face.  They  may  be  single,  but  upon  the  hands  tbct 
arc  commonly  multiple.  They  generally  disapficar  aAer  a  time,  thonjcli 
they  may  persist  for  yeans.  Warts  on  tnucous  surfaces  give  trouble, 
and  may  cause  death  by  bleeding :  la  the  bladder,  difficulty  may  ari«c 
frt>m  obstruction  to  the  inflow  nr  outflow  of  urine,  tlie  entrance  <»f  the 
ureter  being  a  favourite  seat.  Lastly,  the  tendency  of  warts  and  warty 
surfaces  {ichthyosis  twguit)  to  become  epitheliomatoub  in  advanced  Uft 
must  l>e  remembered. 

THE  ADENOMATA. 

Tlie  Adenomata— or,  txs  they  are  nii>re  eoinuioiily  called.  glaBdvItr 
tomooTfl — Jirc  iiirw  fonnatioiis  nf  gland-tissue,  more  or  Irsx  at^piml 
in  structure,  having  an  abnormal  relation  to  the  tissue  around,  ami 
inea|Mible  of  perfonning  the  furu-tiun  of  the  glaiul  tht-y  imitate.  Thdf 
ducts  do  not  enter  those  of  the  gland  whence  they  spring. 

In  atmctnre  the  adcnntnata  resemble  cither  tlie  racemose  or  luUaUr 
glands,  and  arc  divided  into  two  currt'spouding  Tarietlea. 

1.  The  racemose  adenomata  consist  of  numcmus  saccules  or  «ati< 
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led  with  snail  rpKbelial  ecUs.  Thcac  usually  form  a  single  layer, 
they  nay  be  two  or  three  deep.  A  scctian  rut  very  obliquely 
the  wall  of  one  of  these  acini  will,  by  cutting  across  adjacent 
at  diflcrcnt  levels,  give  the  appearance  of  superimpoised  layers, 
le  acini  communicate  witJi  each  ntbcrand  arc  grouped  together,  heing 
kted  merely  by  ooainective-lia»ue,  in  which  are  ouutaincd  the  blood- 
*rhe  conaccthre-tiasue  varies  in  amount ;  when  much  in  exccflB 


FkX  «(.— ^<Abm»«  ^  I/tw*.- 


aooi     VUaktrx&Y     (CmcSc.) 


le  nonaiJI,  the  gnnrtti  u  caiied  an  adea^-fihrona. 
In  the  most  xtd^Af  grawin^  faatA,  the  stnama  i>  richly  ceUular,  cob- 
sitting  of  round  and  4|iiiMile  denJentt:  tlir  hitfotnyral  dwtinrtina 
between  such  growths  and  sarooniala  »  imponble  (Fig.  6*). 

All  growths  origiruiing  in  gtandidar  orgam  may  be  sMociatcd  with 
more  or  IcsK  ^!  ^jncture.    In  the  ■— a»  fcr  n ample. 


lyxcmiOf  and 


of  tumoor,. 


•o  inienuiMgled  with  the 


td-tiiKue  of  the  organ  that  tt  becomca  dBBcalt  to  wmj  which  b  the 
Liiuuit  structure.     In  many  case:*  it  ia  crideat  that  the  derelop- 
of  Mich  taaKmn  b  acoonip«n»cd  by  an  wm  ri  wm.  cf  the , 
afnollg^t  which  they  givw.     Mixed  £bra»  are  tfan»  ppadu 

adeao-myxomay  Ace     Adcnooia  b»  by  itactf,  hi  iiMaficient 
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name  for  these  tumours,  because  their  struma  is  diflcrent  from,  or  Id 
excess  of,  that  founfl  in  nonnal  {^laiid-ti&sue. 

^.  The  tubular  adenomata  grow  from  mucous  membrutciy  Ml 
consist  of  fjrroups  of  tubules  lined  with  epithelium.  Thejr  wilt  Ve 
alluded  to  hereafter. 

llie  adenoimita  almost  always  originate  from  pre^eslill^ 
glands.     They  generally  grow  slowly,  and  }K»sibly  from  some  bftkrti 


Fig.  65, — AJifi,    /(brcntJ  c/  M.^^t'iiT,      Showing  ncvs  gruv^  (It  of  £tWKl 

structiire  and  of  coooeclive-t  issue,     x   100.    Reduced^ 


(juiesoent  congenitally  misplncetl  nidiment ;  otherwise  it  is  difficult  to 
explain  the  complete  cm-apsulation  and  separation  from  the  iuiiimI 
gland  which  distinguish  an  adenoma  from  a  localised  enlargement 
The  latter  swelliuj;  remains  in  intimate  relation  with  the  glandj  aod  i> 
probably  often  of  inflamnintory  origin. 

The  most  frequent  secondary  cliange  fouiid  in  these  tmnoww 
fatty  degeneration  of  the  epithelium,  which  may  give  rise  to 
formation  of  small   caseous   masses  in  the  jjrowlli.      I>ilitUtio»  of  iW! 
saccules  and   tuliules  into   cyats,   and   mucoid    80ft«nln^  art  aba{ 
common.     The  origin  of  cancer  has  several  times  been  tnccd  to 
adenoma, 
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I  The  word  adenoma  has  been  used  loosely,  as  already  pointed  out,  to 

I       include  all  new  formations  of  gland-tissue. 

I  Adenomata  occur  in  the  following  organs : — 

Mamma. — Tliis  is  much  the  most  common  seat  of  adenoma,  or 
nit  her  of  adeuo-tibroma ;  for  a  glandular  tumour  wiiich  is  structurally 
iDdislinguishable  from  normal  breast  is  very  rare  (Fig.  64).  The 
arrangement  of  the  epithelium,  the  number  and  size  of  the  spaces,  the 
proportion  of  stroma,  and  the  number  of  cells  it  contiins,  is  more  or 
Icsa  Abnormal  (Fig.  6.0),  hence  the  name  adeno-fibroma  is  generally  most 
applicable.  These  tumours  are  also  called  "  Chronic  Mammary  "  and 
"Adenoid,"  They  are  encapsuled,  are  round,  oval,  or  lobulated,  and 
lie  in  or  on  the  brejist.  They  are  of  hard  elastic  consistence.  Their 
KTCtion  is  convex  rather  than  cupped.  It  is  either  lobulated  and  fibrous- 
looking,  or  shows  tUstinct  slits  and  a  racemose  structiire  even  to  the 
naked  eye.  These  tumours  are  most  common  in  early  life.  They  may 
be  multiple.  Many  ad e no- fibromata  contain  cysts,  which  may  be  very 
numerous,  and  vary  in  size  from  slight  dilatntions  of  ducts  and  acini 
to  cavities  holding  some  ounces.  These  cysts  contain  yellow,  mucoid 
fluid,  which  may  be  reddish  or  brownish  from  exlravasated  blood.  Many 
are  lined  with  cylindrical  epithelium  like  that  of  the  gland  spaces;  but 
others  appear  to  be  formed  by  localised  softenings  of  the  stroma.  At 
fir^t  they  ap|>ear  on  section  like  irregular  and  branched  fissures,  then 
like  siMice*!  full  of  fluid  :  in  other  cases  they  are  almost  completely 
fill«i  by  papillar}*  fibrous  growths  projecting  inwards  from  the  wall  and 
covered  by  cubical  epithelium.  These  cystic  growths  are  called  cyatlc 
adenomata;  or,  if  the  stroma  is  richly  cellular,  cystic  adeno- 
Murcomata. 

The  non-cyslie  growths  must  be  distinguished  from  local  and  general 
hyprrtrophics  of  the  gland. 

Orary* — Many  compound  ovarian  cysts  arc  really  cystic  tubular 
AdcuiJiTiiitji,  and  often  contain  |wipillary  growths  (Fig.  6G). 

Teitifl* — No  pure  adenumata  uccur,  but  only  mixed  tumours,  like 
thu^e  til  the  ]>anjtid  gland. 

Prostate. — In  advanced  age  some  of  the  tumours  wliich  form  in  this 
l>ody  c-oiitJiin  glands  as  well  as  muscle  and  connLctivc-t issue  (Adeno- 
myorna). 

^kyroid.— A[>art  from  the  hypertrophy  of  endemic  goitre  and 
(Jmve»'%  dUease,  distinct  eneapsuled  tumours  having  the  structure  of  the 
u*»rni;il  thyroid  may  occur  in  the  tiubstunce  of  that  gland. 

Parotid* — Pure  glandular  tumours  arc  infrequent,  and  the  glaud- 
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epithtrliiim   of  such  tumours  as  do  occur  U  gciicmU/  ^rrjr  at 
Fibra-iidcnomata  are  commoner.     The  ordimaty  ^'parotid  tasaou' 
"  mixed,"  conUiiiiin^  cartilage,  mucou.s  ami  iilher  tissues.     The 
salivary  ^lamls  arc  still  less  fre(|uciktl)-  affected. 

Uvera — Small  encapsulcd  tuinnurs  h.ivini;  tlu-  strurhirr  of  \h»  Uh 
have  been  dcscril>ed. 


Fig.  66. — f\i^tiiary  Onrwtk  intuit  am  Ovarian  Cjrsf,  projfxtinp  ffoai  *» 
«-all  (iv).  It  coRMstf  of  \omc  conncctiw-ltwu'  ir\^  coiit«b>ins 
many  binnclird  cells,  covered  by  a  layer  of  oolumnar  cdls  ^ 
Secondary  processes  ore  numerons  {py    x  40.  Reduced  (.    (Beyd.| 

Glands  of  Mucoas  Membranea. — Oland-tihsue  enters  Urge 
into  the  structure  of  some  of  the  "  muomu  "  polypi  which  may 
from  any  mucous  uieinbrutie,  especially  in  catarrhal  states.  In 
cases  it  is  probable  that  the  glaruls  primarily  enbirge,  then  projcd 
and  finally  bccf^nie  )K>lyjK>id.  In  other  eases  it  is  supposed 
localised  increase  of  cotmective-tissuc  from  inflainiiution  may  lead 
increase  of  t lie  epithelial  structures  in  relation  with  it.  I'olypi  *iflh 
noite,  stomach,  iutcsitincs,  rectuui.  and  uteruH  are  examples.  The 
nectivc-titisue  is  sod  and  uedenvitous ;  the  surface  is  nnr«rrd  hj 
epithelium  of  the  imrt. 

SebaceonB  and  Sweat  Glanda. — S<>-cfdle>d  adeuunuitji  of 
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tumours.      Fig.    67 
froin  tlie  chin  of  a 


ids  are  uniform  enlargements  rather  than 
shows  a  small  portion  of  a  sebaceous  "adenoma 
child. 

Among  secondary  changes  are  calcification,  which  may  ajfect 
the  epithelial  masses,  and  ossification,  which  may  take  place  in  the 
6bruus  stroma.  Tumours  uuderf^iug  tlie  latter  change  are  rare,  and 
have  been  called  "  ostcomata  "  of  the  skin  (p.  145). 

Adenomata  afford  further  support  to  Cohnheim's  view  concerning 
the  nature  of  malignancy  (p.  123).     Adenomata  and  adeno-fibromata 


'♦r/ 


•Ml    •^ 


Vio,  (jj.—f^fbule  cf  a  Sfbattous  Atienoma,  r./.  Connectivolissiie  con* 
tAining  many  cells,  ftnd  rorming  capsule  and  acpta.  e.  Sacctile  full 
of  epithelial  cells,  few  of  which  show  signs  of  falty  degeneration — 
a  clear  space,  pushing  nucleus  aside.  In  larger  saccules  degenera- 
tion  is  more  general  and  extreme  i/x.).      x    aoo.     (Boyd.) 

are  almost  invariably  innocent.  (}ccasionally,  cases  occur  which 
diuiciilly  and  microscopically  appear  to  be  ordinary  adenomata,  but 
[vhich  recur  locally  after  removal.  It  is  no  explanation  to  call  these 
mrronmta.  Again,  there  are  several  cases  on  record  of  the  gcneralisn- 
tion  uf  ovarian  adenomata  as  well  as  of  tumours  having  the  structure  of 
tJte  noruMi  thyroid  gluud. 

Tlic  lumina  of  racemose  adenomata  are  sometimes  filled  up  with 
rpithelial  cells  ;  it  is  then  imjiossible  to  distinguish  them  microsco- 
picjilly  fnim  scirrhiis  in  its  earliest  stAge — that  of  nmltiplicati<m  of 
e|uthelium.  Indeed,  the  origin  of  cancer  from  adenomata  has  been 
proved  M:veral  limes— both  microscopically  and  clinically. 
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As  sarcoma-tissue  passes  insensibly  into  fibrous,  it  n  often 
to  say  with  Cf  rtJiinty  wliich  name — ade no-fib ronu  or  4wl< 
should  be  a]>phed  to  a  given  tumour  containing  glund-tisBiae. 

THC  CARCINOMATA. 

The  Carcinomata  or  Cancers  are,  of  all  new  t'nmiations  the 
atypical.     They  arc  made  up  of  cells  of  the  epithelial  type, 
irregularly  in  the  alveoli  of  a  more  or  less  deiise  fibroid  stronta. 
"  epithelial  type  "  implies  origin  from  epiblast  or  liypobUst,  ubA 
alisence  of  intereellulHr  siihstHnce ;  it  does  not  ini])ly  any  spectfe 
of  cell. 

The  alveolar  structure^  as  seen  in  sections,  has  caUM.-d  it  to  be 
that  cancer  is  an  atypical  ghuid-structure.     Every  tumour  b  «t; 
moq)hologicaJly   and   physiologically ;    almost    all    arc  so   str 
In  cancer  we  have  epitlielial  cells,  often  of  the  most  abnorti 
filling  up  the  lumina  of  gland  tubes  (if  it  start  from  a  glB2id)j 
through  their  basement  or  limiting  membrane,  and  ram]fytn|(  In 
spaces  of  connective-tissue.     The  only  type  for  such  a  prowMi  M 
is  the  development  of  a  gland  (like  the  liver)  by  tlic  growth  of 
hypoblastic  rods  into  a  mesoblastie  stroma. 


STRUCTURB. — In  dealing  with  the  mlcroicopic  si 

wc    have    to    describe,   first,    the   epithelial    cells ;    and,   !>ccoudJy/ 
stroma  which  forms  the  spaces  in  which  they  lie. 

The  ceUa  are  characterised  by  their  large  size,  by  the  divrn.iU 
their  forms,  and  by  the  magnitude  and  prominence  of  their  nuciri 

nucleoli    (Fig.    68).     They    are    round, 
fsffj  '^Ax  fusiform,  caudate,  or  polyguiud — cxhit'  ' 

«Ek      "^W    ii^  short,  every  diversity  ff  outline.     Th' 

--j^  v_.^\      lions    in    fonn    are    princi|Mdly    owing    to   lW| 

jQt'    '^-      *^'   '*  mutual  pressure  to  which,  m  their  growtJi, 

^J  nre  subjected.     The  nuclei  arc  large  and 

minent,  round  or  oval  in  shape,  and  ronl 
or  more  bright  nucleoli.  The  nuclei  arr,, 
hrtps,  most  frequently  single,  but  two  ai 
met  with,  and  in  the  softer  and  morv 
growing  rancers  there  may  be  more. 
celN  lie  loosely  in  the  Hiveoli,  and  no  «.troma  pa&ses  between 
They  rapidly  undergo  retrogressive  changes ;  hence  they  usuaUj 


V 


Pic.  6B.  —  Criit  frvm  a 
S^rrhusfff  (he  .\f*imm,t. 
X  3sa 
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ftain  tnolcouUr  fat.  SoDietiroes  so  many  have  been  destroyed  that 
tnnwv  finrr  nudri  are  visible  than  cells.  Cells  precisely  similar  to  these 
met  with  in  other  imirbid  growths,  an<l  also  in  the  normal  tissues, 
is  thus  no  specific  "  coiiccr-cell/' 


-/> 


c 

Fig.  69. — Citiutr-rtiU  containing  "  Cancer-: 
{a)  Cancer  of  Sionucb.     Cell  from  secondary  Dodnle  m  bver.     Xuclru; 

d  cell  is  Dear  a.     Nucleated  parasite  a  in  tbe  oentnifi),     x  i;»oa 
(#)  Canccr-ccU    from   sdrrbus  c^  brcasu     Faint    nfB  an  seen    ai 

periphery  of  puuitef/^).     x   uoo. 
U)  CeQfroaiBUDespecuacnas|d).    Ttiree  VKwria  |  K)  are  leea  rovkd 

upper  twir  of  paruite  (/*).  oudeos  of  vbkh  ii  my  smaU.    Tbe 

oucsteas  oocuptcs  the  lowest  pan  of  the  cell,     x    laoa 
U(  Canocr-cdl  eoolAining  four  muUinucleated  leucocytes  (/.J  which  have 

dortrojrcd  the  parasur.     k   i3oa 

[Specimen  and  dnuinf;  by  Dr.  RnfiEr.) 


DuhflU  the  lost  few  years  the  minute  structure  of  cancers  has  been 
lo  A  very  rigid  examination  la  search  for  any  parasite  that 
be  pment     Nearly  all  observers  are  agreed  that,  when  suitable 
of  caneerouK   tissues  are   hardened  and  stained  by  special 
k  |H'culiar  appearances,  the   si^rnificance    of  which  U  still   in 
ve  to  be  Mren.    These  are  known  »s  *'  cancer-bodies  "  or  "  cell- 
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enclosures.  *'    They  vary  greatly  in  size,  being  on  an  Avrntgc  «nvnrvlril 
smaller  than  re<l  corpuscles.     They  are  encapsule<l,  and  fur  thr 
part,  spheroidal :  they  have  a  sharply  defined  outline.     They 
staining  affinities  somewhat  difTerent  to  those  of  the  urdinarr  cdb' 
the  growth.    Their  protoplA.sni  is  usually  homogeneous  hut 
mottled  or  granular.     At  or  near  their  centre  is  a  bmall  deeply 
part,  which  in  all  probability  is  a  nucleus  or  nucleolus.     Thi^ 
nucleus  is  generally  round  or  oval.     There  is  usually  but  one,  and 


fC 


FlO,  70. — Cantrr-CfUt, 
{a)  Pftrasite  (fi)  by  the  sidr  o(  the  cell  nucletu.      x   600. 
t>)  Cancer-ccU  containing  n  parasite  (/*)  enveloped  liy  a  multiauclRateiS 
leucocyte  {L),    The  nudeiu    of  the   canoer-OEO    ts  on   ilvr  IrT. 

X     I900. 

(<-)  Cancer-ecu  showing  part  of  an  invaginoted  cell  (/,0  Hmolattng  a 
parasite,     x  600. 

(Specimen  and  drawing  by  Dr.  RufTer.) 


may  be  connected  with  the  iKripher)'  by  faint  rays  (Klgn,  ii^)  b,  ami  To  j). 
The  cancer-lxxlies  conmionly  nuiltiply  by  binary  division  ;  the  occar- 
rence  of  sporulation,  although  uthnned  by  some,  is  denied  by  most 
TTiey  arc  usually  found  enclosed  in  the  ordinary  cells  of  the  growtii, 
but  they  liavr  been  dehcribetl  in  the  alveolar  spaces  out*idr  the  ccUa, 
and  even  in  the  lymphatics  of  the  alveolar  walls.  Their  poaitiaa  hM 
no  aficerbii liable  inHuence  on  their  general  characterm.  As  a  rule,  no 
onnccr-cell  coi\luins  more  than  one  of  them.  The  caiicer-bodr  mar 
neonpv  only  nn  itisignifioant  part,  or  it  may  fill  nearly  the  whole  of  the 
cell,  and  displace  the  nucleus  to  the  periphery.  Still  more  rarely  thcac 
liodies  may  t>c  found,  singly  or  in  numbers,  in  the  nucleus  itself:  faij 
this  ca«c  they  are  generally  snmllcr  tluui  when  fouiid  ebewherr. 


THE  CABCIMMIATA. 


The    cancer-bodies  «ie 
^eeotuUnr  deposits,  and 
"^     -'  <•  oth<rrhauid,  then  is  no 
,  of  growth  in  the  eelk 
they  lose  Uicir  %haqk  contoar;  i 
fiu>t    that  tht^  not  in&eqnctttlT 


Vtc  71.— r^wTF  IwAVi 

•boviK.    X  6o(x 
(«)  EKrisioa  of  BvctcBi  sad  cdl-vaB  d 
(>^  Paiaute  shoviBS  grai^o  Bt  Ebr 

{0)  CofnmeBdsg  m  ^imiwilif  el 


^  CcU  cxmuuamg  a  ctester  of  m 

of  Uie  proces&sMo  in  i^k-     «■ 
these  wi)h  dnwmf  of 

dravioc  t^  Dr. 


7W 


icrr-crll  nlready  occupied  by  one  of 
!urr  of  ihtrsv  IxKlie*  is  discoased  oa  p.  I7IL 
The  Btrona  varirs  aYtisiderably  in  amoaot,  bdn^ 
■buiKlant  in  Koine  specimenft  than  in  oUicrs.  It  cwMfats  ttf  a  1 
Icm  distinctly  tibrilUtcd  tissue  ananged  10  at  to  ionm  alreoli  of 
shapes  and  sixes,  within  which  the  cells  arr  grouped  (Fijp.  T2  and 
74\.  It  »  not  closely  connected  with  the  eeOs  and  none  penctiaiea 
|>etwe«^ti  them.  These  alveoli  communirate  with  onr  another,  fio  aa  to 
lonn  a  ctmtinuous  cavernous  system.     The  chameten  of  the  stroma 
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FlO.  T%.  —  Tke  Ahtvtar  Sfromn 
from  a  StirrAhs  <^  iht  Mamma. 
The  wits  have  been  removed  by 
pencilling,      x  aoa 


vary  with  its  rate  of  growth — if  this  is  rapid,  it  will  conUtn 
round  and  spin<Ue-shHj»ed  cells  (sco  Fi^.  76  and  81);  if,  i>u  the 

hiuid,  it  is  slow,  or  \\iis  nltogctlicr 
the  tissue   will   otMitnin    frw   iw  no 
find  will  be  denser  and  more   Abrw 
chanicter   (Fig.    74).     The  latter  b 
condition  in  which  it  is  roost 
met  with. 

In  the  stromn  are  the  blood-TMMiLj 
These  are  often  %ery  numerous,  nnd  fom, 
n  close  network  round  the  alvcoh.  TVj 
nrv^  limited  tn  the  stromn,  and  norr  pw 
into  the  cpitheliul  ma&iie*»,  TIiia  dx»tnbB*i 
tion  of  the  bloml-vcsscU  i^  impodant* 
it  serves  to  dislinguish  the  iiircii 
from  the  sarcomata  (p.  151).  To  t^^ 
sarcomata  and  tumours  sprin^nn 
endothelium,  this  nile,  however,  does  not  apply. 

liymphatics  communicate  freely  uith  the  aIvcaH,     This 
the  great  tendency  of  ciuiccr  to  infect  the  lymphatic  glands.      Iq] 
the  alveoli  may  be  regarded  n.s  dilated  tyuiphatics,  for  tbe  c| 
columns  grow  along  lymphatic  spaces — the  lines  of  least  resJbitaDce. 

ORIGIN. — llie  question  of  the  genesia  of  carcinoma  fail 
that  of  the  genesis  of  epithelium  gencrully.      It  is  inuintmnrd  by 
histologist8  that  epithelium  can  originate  only  from  epithelial 
that  the  cpiblast  and  hypoblast  are  the  sources  from  which 
thelium  is  subsequently  derived.     Others  state  tlml  epithi 
originate   also  from   connective-tissue.     A   like   difl'errncc  of 
exista  aa  to  tbe  source  of  the  epithehoid  cells  of  cancer.     R^r 
they  are  regarded  aa  originating  only  from  pre-exiating  cpitheli 
Others  maintain  that  they  may  be  derived  also  from  cclla  belotij 
the  connective-tissue.      It  is  also  l>elieved  by  some  that  many 
originate   from   the  endothelium  of  the    lymphatics — ix.,  s| 
connective-tissue  corpuscles. 

Nearly  nil  modern  observations  tend  to  sup[X>rt  the  epithelial 
This    renders    it    impossible    for    true    cancer   to   arihe  in    any 
blastic   structure.     Cases   have   been   reported  of  primary   cancer 
lymphatic  glands,  in  bone,   in   tlie  menibnuies  of  the  br^Un,  aa 
other  places.    Of  these  cases  there  are  three   fiossiblr  explanati 
(1)  some  small  primary  growth,  which  gave  tIm:  to  no  hymptoixt\. 
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been  overlooked ;  (2)  some  abnormality  may  have  existed^  such 
dclarhfcl  pivcf  of  iiiuiiiinn  Ijing  near  the  axillary  glands,  or  the 
inclusion  of  mi  epithelial  rudiment:  (S)  the  growth  may  have 
lecn  one  of  those  sarcomata  which  can  be  distinjo^uished  from  true 
T  nnly  by  the  closest  exniiiination,   and  by  careful  inquiry'  into 
devclupinciit  (alveolar  sarcomata,  eylindroniata). 
Ipithelial  cells  are  snid  to  occur  round  a  cancer,  quite  isolated  from 
ley  lie  in  the  connective-tissue  s|wtces.     The  isolation   is  very 
ult  to  prove,  and  dneit  not  necessitate  the  origin  of  the  cells  irom 
lective-lissue  elements,  for  the  cells  may  have  been  carried  by  the 
Iph-strenm,  aided  by  tJic  sp(.mtaneous  movements  noted  in  cancer- 
hy  Cmmalt,     Of^en  delicate  chains  of  cells  one  to  two  inches 
have  been   traced  between   a   main   growth   and   an   apjmrently 
itcd  Tiodulc  --«iK*h  a  chain  might  easily  be  interrupted.     It  is  worthy 
that  very  few  cases  of  so-^:alled  primary  mesoblastic  cancer  are 
n'[X)rled. 

lA  mo^t  probable,  therefore^  that  a  cancer  originates  either  in  the 

ftli  of  a  resting  embrj'onic  epithelial  rudiment  (C'ohnheim),  or  in 

lultipliration  of  'utmv.   epithelial   cells.     Other  conditions  being 

ible  (pw  12a),  the  cells  grow  through  any  basement  membrane 

cxtAt,  and  spread  in  the  connective-tissue  along  lymph-spaces 

mda.     At  this  stage   the   epithelial   cells  actually  lie  in   the 

cwrreiU,    where    they    would    natunilly    multiply   very   rapidly, 

bathed  in  nutrient  fluid.      In  this  way  glandular  infection  is  easy 

filain.     Where  resistance  is  great  the  growing  cell'colunms  are 

tw;  wliere  it  is  slight  thfv  widen  out, 

connective-tissue   Uundlcs   of  the   part  are  at  first  the  only 

:nts  of  the  stroma^  but  round-celled  infiltration,  probabl}'  the 

It  vf  more  or  le.ss  intense  inflammation  excited  by  the  epithelial 

t»oon    appears,   ami    is    follimed    by    fibroid    tissue    which 

At  first,  otlier   elements  of  the   part   may  als<»  persist   in 

atronta — r.g.,  fat-eells    in    the    bre;ist,   and    muscle-fibres    in    the 

He. 

this  mode  of  growth,  the  carcinnmuta  never  become  encaj>- 
but  gradually  infiltrate  surroimding  structures.     This  process  of 
ition  b  very  elLamcteristic,  and  is  more  marked  in  cancer  than  iu 
i^of  tJie  malignant  growths.      A  zone  of  small-celled  infiltration  is 
for   Mime  ilistance  around  the   confines  of   the  tumour,  so  that 
U  DO  line  of  demarcation  between  it  and  the  normal  structures 

7sy 
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There  is  at  present  no  general  ajjfrecment  concerning  the  nature  «f 
the  "cancer-bodies,"  before  described,  or  the  part  they  take  in  the 
origin  and  growth  of  cancer.  Ruifer  compares  tlieni  to  the  protozoa  of 
malaria  (see  "  Malaria '*)  ;  and  hy  many  ol>seners  they  are  thought  to 
be  parasitic.  The  evidence  in  favour  of  this  view  may  be  thus  sum- 
marised : — (l)  their  occurrence  within  the  cell  as  a  distinctly  foreign 
substance  ;  (2)  their  appeanince,  so  strongly  suggestive  of  an  organised 
stnicture ;  ('3)  their  staining  reactions,  so  distinct  from  those  presented 
by  the  normal  contents  of  cells;  and  (4)  their  great  analog}'  to  well- 
known  species  of  sporoKwi  recognised  as  the  causes  of  epithelial  pro- 
liferation in  the  intestine,  bile-ducts  and  liver  of  certain  aninmls—all 
point  forcibly  to  the  conclusion  that  these  bodies,  though  not  necessarily 
coccidia,  are  nevertheless  protozoa,  and  are  panisitic  in  cancerous  epi- 
thehum.*  But  these  opinions  by  no  means  pass  unchallenged.  It  is 
niMintaincd  that  many  of  these  so-called  pirasites  are  nothing  more 
than  the  appearances  produced  by  the  invagination  of  a  part  of  one  cell 
by  the  bulk  of  the  substance  of  another — as  might  be  seen  in  a  section 
made  through  the  invaginating  cell,  parallel  t<i,  and  just  beloM',  the  sur- 
face through  which  the  embedded  cell  enters  (Fig.  70c).  It  isartirmed 
by  others  that  enclosed  leucocytes  ajid  degenerative  changes  have  in 
like  manner  been  misinterpreted.  A  still  more  strongly  supported 
suggestion  is  that  these  bodies  are  really  due  to  endogenous  fomutions 
in  the  original  cancer-cells.  This  may  either  occur  from  an  arrest  of 
the  process  of  direct  division  (amitotic),  or  from  some  irregularitv  in 
that  of  indirect  division  (mitotic,  karyokinetic).  Hound  a  detached 
|>ortion  of  chromatin  a  cell  forms,  and  grows  rapidly,  but  remains  a 
daughter-cell  within  the  substance  of  its  jiarent.  If  this  be  so,  it  is 
difficult  to  see  why  daughter  and  jjarent  shoulii  ]»resent  any  marked 
differences  from  one  another  in  their  staining  reactitms. 

These  various  objections  may  doubtless  explain  Tuany  of  the  appear- 
ances described  by  over-zealous  advocates  of  tl»e  parasitic  iheor\' ;  but 
there  remains  a  considerable  residuum  not  s<»  cJisily  disposed  of.  In 
the  meantime  much  of  the  argument  depends  on  the  experience  and  fl 
authority  of  the  different  observers ;  and  until  the  existence  of  eharac- 
teristic  s|KJres  has  been  definitely  made  otit,  or  until  there  is  forthcoming 
such  confirmatoiy  evidence  as  chemistr)-,  and  inoculation  and  cultiva- 
tion experiments  can  nlonc  supply  (p.  I'^y),  the  interpretation  of 
the  appearances  described  seems  likely  to  remain  more  or  less  in 
dispute. 

*  Galloway,  Mortoa  Loolure,  Brii,  Med,  ytmrtt,,  vol.  i.  i893» 
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SECOI«DARY    CHANGES Tiie  most  iiniwrtant  is  fatty 

degeneration.  This  occurs  iii  all  the  varieties  of  aircinoma.  The 
more  rapid  the  f^rowth,  the  earlier  does  tliis  retrogressive  change  take 
place,  and  the  prcatcr  is  its  extent ;  hence  it  is  usually  most  marked  in 
the  eticephaloul  torm.  It  produces  softening  of  the  growth,  whicli  is 
often  reduced  to  a  pulpy  cream-like  consistence.  HKmorrhage,  pig- 
mentmtioa,  mucoid  and  coUoid  degeneration  may  also  occur,  with 
cysl-fonimtion.  C'ysls  may  be  due  also  to  blocking  of  ducts — e.g.,  in 
the  mnnimiL'.  Calcification  and  true  ossification  are  very  rarely 
met  with.      Funuation  of  an  abscess  is  rare,  but  unportant. 

VARIETICS. — The  varieties  of  carcinoma  are  arranged  on  an 
auatoinic4il  b;L^i.s,  The  evils  vary  markedly  in  character  according  as 
they  spring  from  stratiHed  e])ithelium,  columnar  epithelium,  or  the 
epithelium  of  acinous  glands.  They  inherit,  to  ji  greater  or  less  extent, 
the  form  and  tendencies  of  the  variety  of  epithelium  from  which  they 
originate.  Thus,  cells  of  cancers  springing  from  stratified  epithelium 
ttml  also  to  undergo  the  same  epithelial  evolution,  ending  in  cornifica- 
tion  ;  and  in  many  canes  they  show  prickle-cells.  Columnar  epithelium 
often  retains  its  typical  furni,  and  continues  t**  surround  open  s|>aces  ; 
but  in  other  eases  the  cells  nniltiply  mi  as  to  lill  the  sjmees,  the  outer^ 
most  cells  generally  retaining  a  cylindrical  shape.  Cells  of  acinous 
gUnds  undergo  no  evolution;  by  iiiultipUcation  they  ]iroduce  cells  of 
their  own  kind,  which  may  be  much  altered  in  shape  by  mutual  pres- 
sure, L'pon  this  retention  by  the  cells  of  ancestral,  anatomical  characters, 
ihf  rhii-f  varieties  of  ciincer  are  based.  Thus  we  have  the  sqnamotia 
epithelioma,  the  columnar  epithelioma,  and  the  acinous  can- 
cer. Hut  aiicestrid  prruliaritirs  urc  not  always  retained.  Certain 
cnncrrs  springing  from  stnitiried  epithelium— |K-rhaps  fn>m  the  small 
glands  in  relation  with  it — undergo  no  evolution,  and  are  indistinguish- 
able from  sc'irrhus ;  white  tumours  springing  from  columnar  epithelium 
anr  in  many  parts  exactly  similar  to  acimms  cancer. 

In  all  varieties  of  carrinonm,  the  secondary  growths  tend  to  re|>eat 
the  {>eculiaritieH  of  the  prinuir)-,  especially  in  epithelionnu  In  scirrhus, 
the  secondary  growths  in  internal  organs,  though  sometimes  resem- 
bling the  primnr)'  timiour,  arc  often  more  rapidly  dcvclo|K-d.  Further, 
they  are  Mifter  and  nn»re  vascidar,  so  that  in  accordance  with  the 
artificial  distinction  between  scirrhus  and  enccphaloid  (p.  183),  they 
nm<»t  be  regarded  as  belonging  In  the  latter  variety  of  cancer. 

The  name  epithelioma  was   given  to   cancers  springing  from    the 
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epithelia,  in  npjxmition,  as  it  wns  thoupjht,  to  the  cancw  of  r<mitrrti«i 
tisMie  origin.      The  distinction  of  the  forms  is  of  much  Ic^*  impn 
now  that  the  epithtrltal   origin   of  jil)   is  coniiug  to  be  oiorr  aod 
recognised.     Still,  the   histological  differences  l>etwccii  wcD- 
cases   are    sufficient    to   justify   n    separate   de^criptimi  of  tlie  ahtm^ 
varieties. 

Carcinonmta  are  aceordingly  divided  into  two  groupfl : 
cancer,  with  iu'lrrhoUA  or  chrnuir  ntnctr.  and  nurpHftioUl  at  ntme 
as  siubdivisions  ;  and  epithelial  cancer,  including  tipuamm  atid 
columnar  cpithefitftna.  Of  these,  cohminrtr-ceUcd  epithelioma  U 
allied  in  structure  to  udcnoina.  Cotloid  or  ^ctaiiniform  cancrr^  il 
to  colloid  dcgcnemlion  of  the  canecr-cells,  was  formerly  repinlet^  i*  * 
RulidiviMon  of  neinous  eimcer,  or  even  as  a  se|Kirate  variety  ;  but 
the  nbfive  varieties  iiuiV  underfTo  this  form  of  de^cncrHtioii, 


CUNICAIj  characters.     Cancers  iKc-ur  uith  inm-a-cr; 
fre»iuency  alter  the  a^^e  of  thirty-five  ;  l>rIow  timt  of  thirty  lb«7  «» 
rare  tum(»urs.     The  primary  ^-owlhs  are  uhntnt  always  \i«Rlc.      ' 
are  among  the  most  malignant  tumours,  there   being  little 
choice  between  them   and   the  sarcomata  an  rrjjards  their 
As  a  group,  the  eaiieers   gi-ow  niptdty.   widely    infiltrate   h 
parts,  early  infect  lymphatic  glands  (^p.  I7()),  and  ultimately 
disseminated  genenilly  throughout  the  system.     Unlefix  rxri»ed 
early  and  very  freely,  they  recur  in  Itu-o.     They  fVe4|uewtly  break 
and  give  rise  to  very  offensive  sores  which  bleed  readily. 

It  will  be  remenilHrred  that  while  the  sarcomata  as  a  grtaip  th  nrt 
infect  lymphatic  jjjlands  (p.  1.14),  they  are  Mipi.HiM-d  U*  gi*nemJi*e  ohtt 
early  and  more  readily  than  the  eareinomata.  llie  reaiaui  for  Ihi*  » 
that  the  snrccima -cells  frequently  fonn  the  very  walls  of  the  bloo*!- 
vcssels,  whilst  the  cells  of  cancers  do  n<»t  even  come  Into  eiuitaet  »«l» 
the  walls  of  the  vesscU. 

Just  As  the   san'omata   \ary  in    itmh^^nancy,  v  also   do  the  carman 
iimta.     On  the  whole,  encephaloid  ii  more  S|)eedily  fatal  than  «drrlas 
owin^  to  it(»  mi»re  rapid  growth,  greater  vascularity  and  more  actrrf 
epithelial  elements.    Colloid  degeneration  seems  to  diminish  mali|fn-'-~* 
Kvef)'  now  and  agtu'n  tui  encapsuled  tumour  is  met  with,  rspeciaJly  • 
Rof\  jwilate,  slmwin^  no  sign  of  inalignanry,  vet  having  the  arurtiirr  U 
acinous  cancer.      In  the  varit*ty  known  as  atrophic  seirrhus,  the  diiratf 
of  the  disease  Is  not  uiicomnioidy  from  ten  to  twenty  yeartt,  atid  tlx 
extension  only  local  and  glandular. 
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Rpitheliomii    i%,    pnthnln^caliy,  much  the  least  mali^iant   of   the 

ctttict*r&.      U  extends  locitlly.  brcnks  down  early,  and  oftrn  infects  the 

nci^hUinrin^  lymjih^itu's;  but  it  oouipamtivrly  rarirly  reproduces  itself 

ifi  titti-mnl  orjfiiiis.     Tlii-i  is  probtibly  owin^  to  the  size  and  character  of 

ilJichiii  elements,  which  render  them  much  less  liable  to  trans- 

•  in  by  !he  blood  and   lyniph-streanis   Ihriii  llie  cells  of  the  other 

varieties  of  eoiiccr.     Its  nifili^taney  varies  curiously  with  its  seat :  thus, 

■  ■•  skin  of  the  face  epithelioma  has  generally  a  verj'  chronic  course, 

trcly  atfects  even  the  glands  ;  on  the  lip  early  excision  gives  a  fair 

cliancc  of  cure ;  on  the  tongue,  its  course  is  often  so  rapid,  affection  of 

'*■-    -lindsw  early,  and  cachexia  and  death  so  speedy,  that  it  must  be 

'1  as  one  of  the  most  malignant  tumours. 

ACINOUS   CANCER. 

I.  CHRONIC  CANCER  or  SCIRRHUS  is  characterised  by 

MTiount  and  density  of  its  stroma  and  l)V  tlie  slowness  of  its  grow  th 

f^mnpnreil  with  that  of  encephaloid.       Thu   latter  {xiint  probably 

its  in  great  meabure  fiir  the  peeuharities  in   its  structure  and 

iv^icol  characters. 


ISIU^ 


Kio.  7}.Sarr/tuJ  tf  tht  Mamma.  A  section  through  tbe  edge  or  ihe 
luinour,  showing  the  haiall-celU'd  infiUraiion  of  the  musculiir  fibres 
und  oiliposc-t issue  in  the  nclgbtx>ufliuod  of  ilrc  ^Und.      x  aoa 

Tlie  rpithelial  growth,  although  at  first  it  may  be  luxuriant,  quickly 

J!.ubc^idc9t.     The    elements  soon  atropliy   and  undergo  fatty    metamor- 

pIsusU.      Tliey  are  moht  abundant  in  the  external  portions  of  the  tumour 

where  jfTowth  is  taking  place  ;  in   tlie  cenlnd  ptirlions  they  may  be 

«lisM>Ht   entirely   wanting.     Figs.   73   and   1\  sliow  the   appearances 

^    by   scirHius   uf  the   inanmia   in   the   earlier   stages   of  its 

-nt- 

'I  Ur  degeneration  of  the  epithelial  elements  is  probably  due  to 

oblitemtjon  of  the  vessels  by  the  scar-like  contraction  of  the  stroma^ 
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which  quickJy  becomes  luml  aud  iiuhimtccl.      In   this  wa,^ 
that  part  of  llir  caiicrr  is  arrested.      The  vhcih*  i>f  llir  centrmj 
niu)'  tiiu!i  ultiiimtely  cuiuiist  of  dense  £broid  lis^tuc,  auiun^t 


Fig.  74. — Scirrkni  of  tkg  hfnmma%    A  ponion  cf  ihc  tumoar 
internal  lo  tliat  ri*prc5fnlcd  in  Fiff.  73.  showing  thw 
.ilvcol.ir  structure  nf  the  coincrr,      v  aoo. 


scattered  (yrotips  of  atrophied  ejiithelial  cells  aud  fatty  debris  1 
but  even  in  these  cases  the  epithelial  structure  is  distincUjr 
the  periphery.  Tlie  amount  of  atrophy  and  contraction  vari« 
ably  in  different  cases. 

The  physical  characters  nfst-irrhuK  are  in  the  same  vi 
the  abundtince  of  its  stroma.      Tlie  growth    is  finn  and 
usually  depressed  in  the  centre,  owing  to  contraction  of 
tissue  and  atrophy  c»f  the  cells,     lliis  is  very  characteristic 


FlO.  75. — Sfirrhtft  t^  Ihf  Afammn.     A  sectMm  frotn   ibe  mare 
portions  of  (be  tumour,  iliowing  the  ntrtiphy  of  l^ie  rptlheBdl) 
the  fliminutiun  in  thcr  we  uf  tlw  nlvroli,  the  fibnMd  ItutM*,  af^ 
fatty  d^bns.    n-  Earlier  stuge;  fi   im*re  advanced      «  aoa 

of  the  breast,  where  it  causes  retracHion  of  the  nipple  and 

of  the  skin.      Tlie  jtfniwth  is  very  hard,  and   rreakn  a_s  it  is  ctrt. 
surface  of  the   section  is  (^enrrally  "c«pj>ed/'  nnd  <>f  grci 
seini-tniiHlucent  appearance  ("  like  an  unripe  pear  ").     It  la* 
less  mottled  with   ditt**   and   streaks   of  o|iA(|ur  yellow,   ilue 
epithelium  in  alveoli  or  milk-duets.     The  lattrr  may  l>e  eys< 
rentrni    jwirts  are   pide   nnd    fibroid ;   the    more    external    afr 
because  contraction  ban  not  obliterated  the  vessels,  and  lc»  (inn 
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iht  ccdtml  portions  of  the  jfrowth.  They  yield,  on  scraping,  a  juice 
rhlch  U  rich  in  nucleated  cells,  free  nuclei,  and  granules.  The  nut- 
hrinji:  |i»irts  of  the  tumour  can  be  brought  into  view  by  the  local 
«p|)liration  of  A  five  per  cent,  solution  of  nitric  acid.  DjiJiquc  white 
linn  niiirk  the  affected  areas. 

Byfnrlhc  romrnonest  scat  of  scirrhus  is  the  female  breast  It  is 
*liof(rtind  in  the  nwile  breast,  the  stomach,  the  liver,  the  pancreas,  the 
prtntalc.  the  skin,  and  the  mucous  membranes,  where  it  starb>  from 
WTinow  mucous  glands.  The  secondary  growths  to  which  it  gives 
rile  irv  often  encephaloid. 


CNCEPHALOID  or  ACUTE  CANCER  aiffcrs  from  the 
Ipm'ctliiijij  in  the  greater  rapidity  of  its  growth  and  in  the  consequently 
[iniillcr  jitnount  of  its  stroma,  and  greater  softness  of  its  consistence, 
rphaloid  and  scirrhus  cannot  be  regarded  as  in  any  way  con- 
'Ultutiiig  ilisiinct  varieties  of  carcinoma.  There  are  many  intermediate 
tUgcs  between  them  (scirrho-encephaloid) ;  and  all  their  structural  and 
clinical  differences  are  accounted  for 
fcy  differences  in  rapidity  of  growth, 
wbich  probably  depends  upon  the 
ttKOttljirity  of  the  part  in  which 
■y  are  situated. 

The  epithelial  growth  in  eo- 
iltaloid  is  rapid  and  abundant ; 
cells,  whicli  may  be  cither 
?r  or  smaller  tJuin  those  in 
irrhus,  quickly  undergo  fatty  de- 
generation, so  that  often  there  are 
more  frt:e  nuclei  visible  than  ceils. 

'Hic  proportion  of  stroma  is  very 

uuall.  and,  owing  to  the  rapidity  of 

growth,  it  is  much  less  fibrous 

tn  that  of  scirrlms,  and  does  not 

uiuirrgo   a   similar   cicatricial  con- 

tmction    (Fig.    76).      The    blood- 

vr*-i-U  arc  often  very  ubundimt,  and  the  tissue  supporting  them  is  .soft 

non-resLstiint  Hiemorrhuge  into  these  growths  is  therefore  frequent 

'Knccphaloid  cancer  is  of  a  soft  brain-like  cunsisteiicc,   the  central 

portionai,  where  fatty  degeneration  is  must  advanced,  often  being  com- 

uletcly  diffluent.     The  tumour  is  sometimes  more  or  less  lobulated. 


Fig.  76. — KHft^kaioid  Canctr.  From  a 
secondary  cnncer  of  the  liv«r,  shom-ing 
ihe  large  size  of  the  atvrnli  and  the 
thinness  of  their  walls.  In  the  latter, 
small  cell*  .vc  visible.  The  large 
epilhelial  cells  are  commencing  to  un- 
dergo fatty  metamorphosuL     x  aoa 
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On   ftection,   the    uiulci^enerated   ptkrts   arr  grey,   pinkkh,  Mft   «l| 

traiisliK-ent,  wliiKt  the  (Icjfcnenitrd  tonn  ji   whitr   pulpy  nutM. 
resrmbhng   brain-substAiicc,    which   is  oflcii    irrrjiriilnrly   fttAtncd   vHkj 
extravasated  blood. 

Knccphaloid  is  much  lens  common  than  scirrhous  cancer.      It  to 
frequently  met  with  in  internal  (trains  as  a  JtrorW-ary  j^wOl     It  ii 
sometimes  fn-huan/  in    the   testis  and    mamma.      It   niny    futijupitc  andj 
bleed   (fun>fus    ha-niatodcs).       Many    growths    fonncrly    dcscnbcd 
enceptinluid  cancent  were  really  sofl  sarcomata  (see  p.  155). 


EPITKEUOMA. 

1.  SQUAMOUS  EPITHEUOMA  con^tiiutrti  n  tolrnbly 
♦inct    variety  of  ciircinoma,    but    transitional    forms    bctwcm    it 
Kcirrhus  are  occasionally  met   with.      It  always  ii^ows  frutn  a  ^urfitfrl 

covered  by  scjunmous  epitlirliiim.  ritKcfi 
cutaneous  or  mucous  (the  junction  of 
two  bcin^  H  coiinnon  scat).  Itfi  rpitKrUJ 
elements  dusely  rcpteiubic  those  of  m|ihh 
mous  epithelium. 

The  cells  (Fig.  77)  arc  oftrn 
ably  flattened  and  distorted  in 
owin^  to  the  pressure  to  which,  in  tlwif  j 
growth,  tiiey  arc  subjected.  The 
Ipvw  down  from  tlic  surfarc-cpithchi 
into  tile  K'nipli'^pAces  of  the  rvmnrctiv^l 
tissiie^and,  ]ftishinf;  their  way  nlonjr  tJ>e*c« 
are  formed  into  solid  cylinders,  which  twist  almiit,  brancbt 
intercommunieate — swelling  out  at  some  point^i,  and  t>e«Hnin|r  eoo-l 
strictcd  or  c%*cn  interrupted  at  otiiers  Single  ejntliclial  rcll«  max  be) 
reco|fnised  htrt-  and  th<re.  eviilcntlv  swept  on  by  lyniplu  The  will 
cut  across  appear  ms  round  or  nval  mnsncs  of  cclls>  of  which  tJ»e 
niiMt  are  usually  large,  whilst  the  central  are  more  or  le«s  rrqnii— 
fonn  a  ycIlowii»h  onion-like  mans.  S*tmctime«i  the  central  celU 
large  and  vesicular,  whilst  the  outermost  are  scaly  and  Aattesic&J 
These  concentric  masses  of  cells  are  called  "  cfmnnUhr  ftUAet,' 
*'  epithcfial  nrsix,"  aiul.  though  not  dlHtihctivc  or  ensetitia),  ihcY 
exceedingly  characteristic  of  epithelioma.  The  eclU  fonuing  tl 
arc  usually  fntty,  and  may  be  so  closely  jwickrd  as  iiltinititrly  Xo 
come   liJird  and  dry  like  tho«.c  of  the  nails  and    hair  ;  the  ^lobe^ 


r4>^ 


Fig.  77. — CtUtfrom  an  Epiike- 
iUma  cf  the  Lif^     x  95a 
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alveolar  ttnicUtre  «s  that  which  characterise*  the  other  varieties  ol 
rarcioomA,  and  consists  simply  ai  the  fioraas  tJmm€  of  the  part  more  or 
lew  irifiltralcd  with  aawU  roond  ccD^  wfaicii  may  be  altiiDfltely 
icscd  br  cotinrotive-ttssoe  (Fijf.  79X 
Thr  cicveiopiiieiit  of  epitbelioma  Is  dae  to  the  dwB-^ravth  of  the 
.^urfacr-rpUhelium  of  »kin  or  of  certain  iducods  iDcmbrvirs  into  the 
■'  eper  parU,  as  is  deaeribcd  <m  pi  l6ii  (Fi^f.  79). 
'  liimia  in  to  break  dowa  at  an  earir  stage :  this 
tM  due  to  fatt/  dcjj^Deration  of  tlie  cells  and  oat  to  inSammatiotL 

Rpitbdioma  asually  prescDts  itself  aa  a  snaU  hard  u\ccr,  or  a&  an 
mdurstrd  fissnre,  or  «s  a  subcataneoos  nodule,  which   suti5c«]acntly 
tk»  ilown.      Thr  surface  of  the   ulcer  is  iireinilaj',   aijd   may    be 
ly.     It    U   uf\cn  clean,  and   covcreil    by   larjgc,  finn,  bUiish-red 
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I^nulations  consisting;  lar^ly  of  epithelium  ;  more  rmrljr  thc' 
is  markedly  warty.     'Hie  tumour  itself  is  firtii  in  mnsistcn* 
more  or  less  friable,  and  on  section   jiresenl*  n  grfyish-while 


I' 


J. 


KIG.  79. — Fpitketi^^ma  of  the  Tongue.  A  vrrtical  sectioo,  ihcwiDf  exOB- 
KJvr  rpithrtial  ^nwth  upon  the  ntrfacc  of  thr  papiUitrt  iUMl  CKMMkM 
of  the  ccltii  into  the  subjacent  connect tvc-tinnie.  The  iiih  <pilhfiliil 
Usstie  U  Jntiltntrfi  with  smalt  cells,  among  which  are  tini^  t^itb^ 
lial  cells  nnd  "  concentric  globes."     x  loa 

surfjicc^  sometimes  intersected  with  lines  of  fibrous  tissue, 
sur&ee  yields  on  pressure  a  small  quantity  of  turbid  liquid.     In  n 
cases  «  peculinr.  thick,  crumbling,  curdy  materiAl   ciui   aUo   be 
pressed,  which  often  comes  out  in  a  worm-like  shape,  fiuggrstivf 
selmcrous  matter  from  the  glands  of  the  skin.     This  materiaij 
charactenstic.     It  is  composed  of  fatty  epithelial  scales,  and 
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Led  wiLli  WAter  it  does  not  diffiise  like  the  juice  of  other  ranrers, 

'\  Mrjwrntes  into  minute  visible  particles.      If  it  is  verj*  abundant,  the 

iiccr  i^  Hoft  and  friable^  and  the  material  can  be  seen  on  the  cut 

kcc  ns  small  scattered  opaque  dots. 
Imtntion  has  more  to  do  with  the  causation  of  epithelioma  than 
ftf  other  kinds  of  oancer.  Some,  such  as  cancer  of  the  scmtiim  from 
UMii,  Aud  epithelioma  of  the  arm  in  workers  with  tar  or  paraffin,  appear 
tu  bo  due  simply  to  irritation  in  people  the  physiologrical  resistance  of 
whose  connective>tis5ue  is  diminished  until  invasion  by  epithelium  is 
rrndtred  easy.  Other  epithclioniata  occur  at  points  where,  the  process 
*rf  dcvrlopment  being  complicated,  errors  are  likely  to  have  occurred. 
These  pUcea  liave  been  already  enumerated  (p.  125).  Many  of  these 
are  points  exposed  to  irritation.  Squamous  epithelioma  usually  infects 
Ihr  lymphatic  glands,  but  rarely  <K'curs  in  internal  organs. 


Rodent  Ulcer. 

Rodent  Ulcer  des*;r%es  a  short  notice.      U   is  a   form  of  epithe- 
ma  bt'ginning  as  a  pimple  upon  the  nose  or  cheek,  and   liable  to 


^tc  8a — Kodmt  Ulcer  ef  Nosf.     The  patiem  had  imatl  rodent  ulc«rs  of 
ttie  nose  and  cb«ek.  and  an  early  epiihelioma  of  the  lip.      »  50.    (Boyd.) 

"*4«^iit  irritation  from  rubbing  or  picking.  After  a  time  it  breaks 
*""'^.  and  tile  ulcer  thus  fonned  slowly  spreads,  destroying  everything 
^^  't  meets,  including  bones,  and  producing  the  most  hideous 
J'**'*ity.  This  may  go  on  for  many  years,  the  health  remaining 
*iul  MO  gland  l>eing  affected.  It  differs  from  ordinary  squamous 
""*«rlifjma  chiefly  in  the  small  size  of  the  cells,  in  th»f  absrnoe  of 
iciclti_cclJs^  in  the  slight  tendency  the  cells  show  to  become  scaly 
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nml  to  form  m-sts,  and  in  the  fnse  with  which  the  epithelial  eolumns 
eun  be  tniced  (Fijjr.  SO).  Some  believe  that  rodent  uleer  begins  in  the 
root-sheaths  fif  the  hairs  or  in  the  j;land-ei)itheh'inn  of  the  skin.  In 
some  cases  having  the  eliaraeteristic  history  of  rodent  uleer,  the 
btnicture  is  that  of  typical  epithelioma. 

J  COLUMNAR-CELLED  EPITHELIOMA,  or  ADE- 
NOID CANCER.  —  These  terms  arc  applied  to  those  forms  nf 
epithelijd  cancer  which  prow  from  mucous  nicmbraites  with  columnar 
(cylin<lri(.'al)  epitlieliinn — e.g.,  the  stomach  and  intestines,  and  especially 


Fia.  8i. — Cyiindricai  EpilkdiamA.     From  the  colon,     x  200.     Rcducfid  \. 

the  rectum  and  uterus,  lu  these  tumours  the  epithelial  elements  are 
similar  to  those  of  the  mucous  membrane  from  which  they  grow. 
They  are  cylindrical  in  shape,  and  are  arranged  i)crpendiciilnrly  to  the 
walls  of  the  alveoli  iu  a  manner  precisely  analogous  to  that  of  the 
columnar  epithelium  on  the  mucous  surface  (Fip.  81).  The  slower 
the  growth,  the  more  typical  the  j^buid-fonuation.  In  rapid  growths, 
and  recurrences,  the  cells  are  small  and  the  luniina  imj)erfcct.  The 
latter  may  be  tilled  up,  and  the  ^owth  be  indistinguishable  fruui 
acinous  cancer,  except  by  its  edge,  where  a  low  columnar  or  cubical 
form  usually  persists  ;  but  this  too  may  be  lost.  The  growths  arc  of  a 
soft,  and  often  gelatinous  consistence  ;  they  sliow  a  marked  tendency 
to  undergo  colloid  degeneration.  These  tumours  cause  secondary 
growths  in  the  lymphatic  glands,  and  wimetimes  in  the  liver,  lungs, 
luid  bones:  the  secomlary  tunwurs  possess  the  same  characters  as  the 
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primary  cancer.  The  distinction  between  adenoid  cancers  and  simple 
adenomata  depends  upon  the  invasion  of  the  neighbouring  tissues  by 
the  former. 


Colloid  Cancer. 

Colloid,  or  Gelatiniform  cancer^  is  simply  one  of  the  preceding 
forms  which  has  undergone  a  mucoid  or  colloid  change.  Sarcomatous 
and  other  non-cancerous  growths  may  undergo  the  same  change. 

The   alveolar  structure   in   colloid   cancers   is  very  marked.     The 
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KiG.  ^1.— Colloid  Cancer.     Showing  the  large  alveoli,  within  which  is  con- 
tained the  gelatinous  colloid  material.     X  300.     (Rindfleisch.) 

alveoli  have  very  thin  walls ;  they  are  large,  distinct,  and  more  or 
less  spherical  in  sha|)e.  The  large  size  and  distinctness  of  the  alveoli 
is  owing  to  their  distension  by  products  of  degeneration.  These 
products  form  a  gelatinous  colloid  material,  which  is  glistening,  trans- 
lucent, colourless,  or  yellowish,  and  of  the  consistence  of  thin  mucilage 
or  size.  In  the  main  it  is  perfectly  structureless ;  within  it,  how- 
ever, are  embedded  a  varjing  immber  of  epithelial  cells  (Fig.  8^). 
Tiiese  cells  present  a  ]>cculiar  appearance:  they  are  large  and  spherical 
in  shape,  and  are  distended  with  drops  of  the  same  gelatinous 
material  as  that  in  whi<'h  they  are  embedded  (Fig.  82).  Many  of 
them  dis]>lay  a  lamellar  surface,  their  boundary  being  marked  by 
concentric  lines.  It  would  appear  that  the  colloid  change  commences 
in  the  cells,  which  become  gradually  destroyed  in  the  process. 
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In  other  cases,  similar  to  the  naked  eye,  the  cells  with  the  excepCiai 
of  slight  fatty  metamorphosis,  are  but  little  affected,  and  the  substaocr 
distending  the  alveoli  is  more  viscid  and  mucoid  in  character.  This  » 
due  to  a  mucoid  degenemtloii  (p.  (i6)  of  the  intercellular  substaDce 
rather  than  to  a  colloid  change  commencing  in  the  cells. 

Colloid  cancer  is  most  frequently  met  with  in  the  stomach,  intestiiie, 
ovary,  and  peritoneum.  In  the  latter  case  it  is  either  secondary  or  tJK 
growth  is  a  sarcoma.  The  tendency  of  abdominal  tumours  to  uodogo 
colloid  degeneration  is  at  present  unexplained. 


CHAl^TER   XVI. 

THB  TERATOMATA.— CYSTS. 

The  Terfttomata. 

T11F.S1:  tumouni  are  congenital.     They  occur  chiefly  in  the  sacral  rvgim 
(coccygeal  tumours),  and  about  the  head  and  neck — points  at  vhkb 
double  monsters  are  united  ;  but  they  may  be  internal.     Some  of  tboi 
are  due  to  the  inclusion  and  im|KTfect  development  of  one  ftjetus  witlm 
another ;  others  to  the  abnormal  development  of  the  tissues  of  a  single 
ffutus      They  are  must  complex  and  may  contain  all  the  tissues  of  tbe 
body  up  to  ganglion  cells,  more  or  less  confusedly  mixed.     They  miff 
be  very  large  at  birth,  or  may  not  attract  notice  till  later      Oennoid 
cysts  belong  to  this  group. 

Cysts. 

In  addition  to  the  new  gn>wths  already  dcKcribed,  there  is  a  Urge 
class  of  formations,  many  of  whicli  cannot  be  regarded  as  "  tunioun,** 

i  in  the  strict  application  of  this  term.     These  are  the  cysts  or  "  cystk 

I  tumours. 

I  A  cyst  is  a  cavity  containing  liquid  or  pultaceous  material,  whicli 

I  is  sejMirated  from  the  sun-ounding  structures  by  a  more  or  less  di:»tind 

capsule.  It  may  be  (t)  a  new  formation  ;  or  (2)  a  pre-existing  structun 
which  has  become  distended  either  by  its  own  secretion,  or  by  thi 
extravasation  of  some  other  fluid  into  it.  Only  the  former  couie 
within  the  categorj-  of  new  growths ;  but,    for  the  sake  of  ctmveni 
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ence,  it  will  be  advisable  to  consider  them  both  in  the  present 
chapter. 

Tliere  are  thus  two  principal  modes  by  which  cysts  originate.  The 
first,  and  most  frequent,  is  by  the  ^fradual  accumulation  of  substances 
within  the  ravities  of  pre-existing  structures.  These  substances  are, 
for  the  most  part,  products  of  the  parts  in  which  they  are  found — 
I  being  in  some  cases  a  secretion,  and  in  others  a  cell-growth.  The 
f  second,  and  less  frequent,  mode  of  origin  is  by  tlie  independent  for- 
mation of  a  cyst  in  the  tissues. 

The  accnxnnlation  of  secretions  and  of  other  products 
within  pre-existing  cavities  may  be  effected  in  the  three  following 
ways : — 

1st.  By  the  retention  of  the  normal  secretion  owing  to  the  closure 
I      of  tile  excretory  ducts — as  so  often  occurs  in  sebaceous  glands. 

2nd.  By  excessive  secretion,  the  cavity  being  unprovided  with  an 
excretory  duct — as  in  the  distension  of  bursa*. 
I  ;ird.  By  the  extravasation  of  blood  into  the  cavity — as  in  hjema- 

I      toci'le. 

I         The  independent  formation  of  a  cyst  may  take  place  : — 
I  1st.   By    the    M>ftcning   and    liquefactiuii    uf    the     tissues    in    some 

I  particular  pnrt,  owing  to  mucoid  or  fatty  changes.  The  tissues  uround 
the  softened  matters  become  condensed,  and  ultimately  fonn  a  kind  of 
cyst-walL 

2nd.  By  the  collection  of  fluid  in  certain  connective-tissue  spaces, 
and  the  subsequent  enlargement  and  fusion  of  these  spaces.  The 
surrounding  tissue  becomes  ctuidensed,  and  fonns  a  cyst-wall ;  and 
this  may  in  some  cases  become  lined  with  flattened  connective-tissue 
cells  (endothrlium). 

3rd.  Hy  the  fonnation  of  a  cyst-wall  round  foreign  bodies,  |Mirasites, 
or  extravasated  blood :  the  wall  consists  of  fibrous  tissue,  and  is  the 
result  of  a  chronic  inflammation.  Smooth,  heavy,  sharp-edged  foreign 
bodies  are  particularly  liable,  during  the  process  of  "  healing  in,"  to 
produce  cysts  of  this  character,  especially  when  the  |)arts  are  not 
kept  at  rest.  Salzer  has  suggested  the  artificial  intnxluction  of  such 
«ubfttanccs  when  adhesions  are  feared  or  a  false  joint  desired. 

Ek  Btructnre. — The  wall  of  the  cyst  will  vary  in  its  nature  according 
H  it  is  thai  of  a  pre-existing  or  a  newly  formed  cavity,  lu  the  former 
case,  it  will  posses-s  an  epithelial  lining  which  will  present  the  same 
characters  ah  that  of  the  gland,  serous  membrane,  or  other  structure 
from  whicli  the  cyst  originated.     If  the  cyst  is  of  independent  fonua- 
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tioii,  there  is  at  first  nu  endolhelJal  lining  Ut  Uic  fibnicu  cmpiule.  W : 
one  mny  iJcvclop  Int.or,  ns  in  false  bursjr.  The  cyst-wHll  H  tutDcUoMEiil 
♦imily  ctmnccted  with  tlit-  adjacent  jwrls,  so  ihat  it  cAn  on\r  wftfc 
difficulty  be  scjwiraled ;  in  other  cases  the  iinioik  i«  nturh  \rm 
iutiuiate.  Instead  of  Wing  a  di!»tinct  structum^,  it  may  dimply  rooci^^ 
of  the  surrounding^  tissue  which  hiis  lH*tM>ine  dtntsc  axt<)  fibmuft  !•< 
eharacttT. 

The  contents  of  cysts  arc  %'ery  varied,  and  niay  M;rve  ma  a  badf  firl 
their  cliissification.  In  the  rctention-cystSi  tbcy  will  vary  with  thr 
nature  of  the  noniial  secretion.  Scrum.  Hclwce^us  matter,  Aalivii.  nulk, 
seminal  (luid,  and  otlu-r  substanws  are  found  in  th»*sr  eysU :  they  aiv 
more  or  less  altered  in  charaetcr  fron)  having  l»eeii  retiuned  in  a  cIimciI 
eavity.  In  the  exudiitiun-evHts,  serum  is  the  must  freijucnt  eori!ttllui3U;i 
and  in  extnivasjition-eysts,  IiUmhI.  In  iIkmo  eyi»tfi  which  orif^iutc  tnm 
the  Hofteiiitip:  rtnd  breakin;^  d<iwn  of  ti»*»iue,  the  iimtrntj*  arr  fnru»nl 
from  the  pnHlucts  of  retrogressive  tissuc-mctj»n»or|ihnsis,  sm'K  a-*-  iniicin, 
fatty  matter&j  and  serum. 

Cysts  may  be  simple  or  compound.  A  suuple  eynt  roiuknta  at  m\ 
single  loeulus.  A  ('Miii|Mtund  or  iiuiUiloeular  eyst  is  one  coiufatfavg 
numeniUN  loeuli,  which  cither  eonnnunieatc  with  one  another  or  rrowlB 
iwdatcd.  Another  variety  of  comjiound  cynt  is  one  witli  endofcmOTttj 
growths  or,  in  other  wunlsj  a  large  eyst  with  uthrr^  gTuwin|{  In  lt*| 
walls.  A  eom|>ound  cyst  may  become  u  simple  one  by  tJte  ileiAractkft| 
of  its  walls. 

Cysts  arc  frequently  associated  with  other  growths,  hence  the  tcrvH 
— "cystic  sarcomji,"  •' cystic  cancer,"  \*c.  It  is  espt^eially  ui  thtme 
growths  which  originate  in  glandular  :«tructures,  a»  in  the  txumna. 
testicle,  and  ovary,  that  this  eund>inalioii  is  met  with.  The  cy«lic 
development  may  almost  entirely  obliterate  the  structure  of  llac 
tumour  in  which  it  takes  place,  so  that  ultimately  the  latter  our 
iKCitnie  ctuivrrled  into  a  mere  congeries  of  cvsIa.  In  other  caAC*  hupfff 
jWipillarj'  masses  of  the  tumour  grim*  into  the  cystic  vravitie«  (**  ooba- 
|M)und  pr<»liferous  cy»tii").  Considerable  difficulty  in  determining  \hte 
natiir-f  iifthc  oriiiiiinl  ^mwlh  in  thus  not  infreipiently  cxprrirnecd. 

Secondary  Changes.  The*«e  may  tjike  place  iu  the  wall  uf  the 
cyst  or  in  its  contents.  The  cyst-wall  Itself  nviy  l>ceome  the  >e«l  <if 
new  growlhs,  and  pnaliiee  sc-condary  cysts,  villous,  glandular,  axid 
(»ther  structures:  this  prueev**  occurs  in  ni/my  cum|M.)und  uvariajs  cyvtft. 
It  may  alfto  be  the  vat  of  an  ittHanniiiitory  pr(-K'e'^s,  which  tcrminata 
bi  suppuration   mul   granuhititm  :    bv   tin**   means   the   cyst  frequently 
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irs  obliterated,  its  contents  being  either  absorbed  or  discharged 
{y\  and  the  cavity  closing  by  granulation.  Calcification  and 
in  of  the  wall  may  al&o  occur.  The  contents  of  cysts  undergo 
ms  chajiges,  owing  to  their  relenlion  in  a  closed  cavity.  The 
'tions  become  altered  in  character,  thickened,  and  viscid.  Epi- 
thelial elements  undergo  fatty  changes,  and  so  give  rise  to  cholesterin 
ciystaU.     Calcification  of  the  contents  is  also  common. 

CX*ASSIFlCATION. — Cysts  maybe  most  conveniently  classifietl 
•coording  to  tlieir  mode  of  origin,  thus: — 


I,  Ct^JortHed  by  the  accumuhtion  of  substances  wUhin  the  cavities  of  pre- 
^ft  tjnsting  structures. 


A.  Retention  Cysts.— Cysts  resulting  from  the  retention  of  normal 
^B  secretions.     These  include — 


a.  Sebaceous  Ct/xts. — These  are  fonned  by  the  retention  of  secre- 
tions in  the  sebaceous  glmids.  They  possess  a  very  thin 
connective-tissue  wall  lined  by  stratified  epithelium  (Fig. 
83).  They  contain  a  mass  of  fatty  epithelium  and  its 
products,  cholesterin  and  amorphous  debris. 

4.  Mucttus  Cifsts. — These  arc  formed  by  the  retention  of  secretions 

I  in  the  glands  of  mucous  membranes, 

y.   Ct/rts  from  the  retentwn  of  strretions  in  other  parts,  including — 
rannh,  from  occlusion  of  the  salivarj'  ducts ;  ena/sted  hjfdro- 
■  <-ele,  from  occlusion  of  the  tubuli  testis ;    mammary  tysis, 

I  from  obstruction  of   the    lacteal    ducts ;    simple    and    some 

B  compound  tysts  of  the  ovan/,  from  dilatation  of  the  Graafian 

B         follicles ;  and  simple  cysts  of  the  HviT  and  kidneys  from  local 
B         obstruction. 

B.  Cxndation  Cysts. — Cysts  resulting  (rom  excessive  secretion  in 
cavities  unprovided  with  an  excretory  duct.  These  include 
bursa,  ganglia,  hydroceles^  meningoceles,  cystic  hronchoceles,  and 
many  cytts  in  the  broad  ligament. 

!,  ExtraTasation  Cysts. — Cysts  resulting  from  extravasation 
intu  clohcd  cavities.  These  include  hannatocele,  and  some  other 
forma  of  sanguineous  cysts. 

N 
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II.   Ciftdn  uf  indvpendeut  urigiti, 

A.  Cysti  from  Softening  of  Tissues. — 11icxciir«r  rsprckDy 

mon  in  new  foniialions,  k\s  ui  cliundmniH,  liponui. 


(/> 


^>f-^^*»4«c 


m 


K»G.  B3. — Sr^tt»iii  Cjfit,    rj.  The  ihin  com  -^i  fonnlac 

Ihtf  wall,  lined  by  a  thick  layer  of  r[iithclium.  Ibe  ouier  ccib  o^ 
itiis  are  somrwhat  cubiciLl,  then.  |tA«ing  tnwanU.  ihey  hecoBr 
(Intleiicd,  a.nd  finally  they  rttUrgc  cotuidrrnUy,  Ix^comc  faizy  mmd 
ntbcr  ftuddcTily  cease  lo  sum.  '1  hry  «r«  succeeded  by  Utiy  dA«i» 
(/),  K>  compressed  as  to  lka«%  a  fibrotu  aspect     (Hoyd.) 

tV  Cysts  from  ExtraTasation  into  Solid  Tissues — r,tt ,  mt» 

brAin,  or  soft  iitw-^nnvtlis. 

(*.  Oysts  from  Expansion  and  Fnsion  of  Spaces  in  C**- 
nective  Tissue. — These  include — 

a.  BurscPt  originating  from    irritntion  and  exadatioo   knto  Bk 

^  Serous  qtsh  in  the  ntrlt,  "  h)'grmn»t«  "  (p.  105). 
y.   Matti/  com/muHd  ovarian  cyidi, 

l).  Cysts   formed    around   Foreign   Bodies,   ExtraraMli' 
Bloody  and  Parasites* 


B.  Congenital  Cysts. — Many  h^gromala  (persistent  tuiUl  struc- 
tures). Dennoid  ct/JsU.  Sometimes  these  appear  to  be  the 
remains  of  blighted  ova,  but  usually  they  are  due  to  ineUision 
ul'  a   pit'cc  of  rpiblast.     Their  wall  lias  more  or  less  perfectly 


84- — Orrmoid  Cyst  of  the  Oi-tiry.     Showing  ull  ihc  struclun?*  of 
^-     Irvc  «kin  except  swmt'gluids — via,,  EpitheUum.nidimeniary  papilla^ 
Rtffpus  ttuae  or  cutis  vera,  liair  folUclcs,  larse  sebaceoum  gUnds. 
X  18.     (Boyd.) 

thr  structure  of  skin  (Fig.  8*) ;  they  may  contain  fatly  matters,  coils  of 
Icxng  hair,  teeth  and  bones.  Even  rudimentary  niammic  have  been 
fuuiid  In  tlscm. 


CHAP1T.R   XVII. 
DISEASES   OF  THE   BLOOD. 

ANJEMIA. 

Til«  term  antfinia  lias  no  very  definite  connot^ition.  As  generally 
cinplovw!,  il  includes  all  diseases  of  the  blood  M'hich  are  characterised 
a  drficirncy  in  the  nutnlKT  of  the  corpuscles  or  a  diminution  in 
total  percentajre  of  haemoglobin.     Other  exprcflsions  uith  a  more 
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precise  significance  are  sometimes  used.     Thus  a  diminatkm  in 
number  of  red  corpuscles  is  known  as  aiigtuyihtemia  or  ggMmlitm^ 
a  deficiency  in  the  hiciiio^lobinj  as  achromaiotii.     Tlicse  results 
be    produced    by    temporary   conditions.     Thus,  aiurmia   &• 
during  convalescence  from  acute  fevers,  and  after  severe  tuei 
It  may  also  owe  its  origin   to  deficiencies  in  Uic  ingests,  or  tn 
whicli  produces  the  same  practical  result — stricture  of  the 
or  of  the  pylorus.     In  cases  due  to  these  causes  tJie  number  ol* 
corpuscles  is   always  reduced ;   while    the    leucocytes    may  br 
slightly   diminished   or  slightly   increased.      Not   only   is   the 
percentage  of  ha'moglobin  below  the  average,  but  the  axnoont 
tained  in  each  corpuscle  is  less  than  normal.      Anieiiiia  following 
fevers  or  htemorrhage    ra])idly  disapj>ears :    the  exact   rate  of 
pearance    var^'ing    with   the   nature  and   severity  of  the  dtifir, 
recuperative    ))ower   of  the    patient,    and   tlie  general    rnndltiOM 
convalescence. 

To  two  varieties  of  aniemia  special  reference  must  be  made, 
are  (1)  Chlorosis,  and  (3)  Pernicious  Anaemia. 


I.  CUoroslt. 

Chlorosis  is  mainly  a  disease  of  girls  and  young  women.     It 
its  name  from  the  efTects  of  its  most  marked  feature,  which  n 
deficiency  of  haemoglobin.     This  is  so  great  that   thr  ftkla 
mucoofl  membranes  of  the  patient  assume  a  very  pale  and  iUf^bUxj 
green  tinge.     In  extreme  cases   tlie   hvmoglobin   may  &U   to 
eighth  of  its  fuJ]   amount,  and   in  most  it  is  less  than  a  thM. 
fall  in  red  corpoaclea  ii  by  no  means  juiraltel.     In  mild  ca«ea 
may  average  3,500,000  to  the  cubic  millimetre  ;  and  tliey  »eld«KB 
below  5d,000,000.     The  corpuscles  arc  on  the  whi»le  distinctly 
tlinn  Ubual,     Simic  of  them   are  very  small,   rniiging  down  to 
diameter  (uiicrtK'j-tcs)  ;  a  few  are    large,  with  a  diameter  up 
(macrocytes)  ;  while  others  with  an  irregular  outline  arc 
found  (]>otkilocytes).     Tlie  Specific  gr&^ity  of  the  blood 
ten     to    twenty  <lcgrccs,    thus    furnishing    reliable    rvidcnce    <t* 
*'  watery  "  condition.      In  some  few  cases,  where  death  had 
the  heart  and  large  arteries  were  unusually  smalL     Other  moriud 
dititms  sectmdary  to  the  changcb  in  the  blood   may  coexikL 
these  are  dyspntra  and  the  occasional  depncit  of  fat,  both 
from  the  deficient  oxygcn-earr\'ing  power  of  the  blood ;  ali^t 
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ibly  from  defective  nutrition  of  the   vessel-walls ;  and  various 
dtAlory  signs  ilue  to  the  lowered  s|>erific  ^pTivity  of  the  blood  and 
active  action  of  the  inadequately  nourished  heart. 


ATHOIjOGY. — No  generally  accepted  explanation  uf  the 
s  in  tlie  blood  hai  yet  l>een  found.  Virchow  first  drew  atten- 
to  tlie  smaU  sise  of  the  heart  and  lar^e  arteries  '^nd  attributed  it 
feclive  development.  He  regarded  the  disease  as  the  expression 
inability  of  the  blond-fumiing  or^an^  to  meet  the  demands  made 
n  Ihein  during  a  ]>eritKl  of  rapid  deveIopni<'nt ;  a  disease  especially 
ic,  therefore,  to  occur  in  those  in  whom  these  parts  are  congenilally 
ve.  In  many  cases  the  generatii-e  organs  are  also  backward  in 
development ;  and  this  fact  undoubtedly  affords  some  support  to 
how's  tlieory.  Still  the  enormous  frequency  of  the  disease,  its 
tical  limitation  to  one  sex,  its  ready  curability',  and  the  want  of 
lel  between  the  great  fall  in  hirmoglobin  and  the  slight  fall  in 
les,  point  to  a  more  transient  and  less  organic  causation.  It  is 
uesUonablc  that  gostralgia,  gastric  catarrh,  gastric  ulcer,  con- 
defective  hygienic  surroundings,  and  irregular  habits  are 
opjitly  oxsociated  with  the  condition  ;  and  that,  in  many  examples 
tlie  disease,  the  administration  of  iron  fails  to  effect  a  cure  until 
b^  relieved.  On  the  other  hand,  it  is  no  less  certain  that 
relief  of  these  conditions  without  the  administration  of  the  iron 
lal  as  a  cure,  in  all  but  the  mildest  forms.  Xow  it  is 
Uiat  hu*moglobin,  which  contains  a  very  appreciable  amount 
is  tjie  progrnitor  of  pigment*:  which  contain  little  or  none. 
amount  of  this  metal  excreted  in  the  frrces  and  the  urine  is 
vely  small,  and  is  not  appreciably  increa»ed  in  anwmia.  It 
reasonable  to  suppose  that  the  iron  thus  lef^  behind  i*i  utilised 
c  newly-forming  haemoglobin ;  and  if  therefi»re  the  hiemoglobin 
the  blood  is  deficient,  it  would  seem  more  rational  to  look  for  a 
that  interferes  with  the  synthesis  of  hirmoglolnn  from  the 
ulaling  stock  of  iron,  rather  than  for  one  which  leads  to  any  loss 
in  the  lotid  amount  of  iron  contained  in  the  body.  Any  supply  of  iron 
ia  adtUtirtn  to  that  already  stored  in  the  liver,  needed  to  meet  the 
dcBMndi  of  growth  and  waste,    must   clearly  come   from   the   food. 


Mo^  evidence  is  available  to  show  that  most,  if  not  all,  the  iron 
absorbed  or  excreted  is  at>sorbed  or  excreted  in  organic  forms  only, 
though  it  is  impossible  to  deny  that  it  may  exist  in  an  inorganic  fonn 
(a  the  portal  vesiielB,  and  be  retained  and  recombined  io  the  liver. 
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Accnrtling   to  Buiige,  the  immediAte  precursor   of  hirmofrloto  ii{ 
hirnuitoffcn,  n  nuclcin  containing  iron,  phosphonis  jin<i  pmtrkl  matt<r, 
lit;    suggests     that     the    sulphuretted     iiyclrogcu,  dcvc;lri|)rd    to    tke 
Hlimentary  tract  of  dyspeptic  and  constipatcil  persons,  sei«e!»  on  ttt| 
organic  iron  (hifmatogen)  in  the  ftKMl  and  converts  it   inU»  sti)phi^, 
which   is  incapable  of  absoqjtion.     ThuH  thr  body  i«  fctitrvriJ  f»f  Imm, 
and    chlorosis  results.      The  success    following    the   ndiiiini^tr^tink  <^j 
large  dosc?t  of  iron  he  explains  by  supposing  that  the  attnieiiun  of  tW 
sulphuretted  hydrogen  for  the  inorgtmic  salts   U   90   great   that  tbt{ 
organic  coni]M)unds  are  undisturbed  and  allowed  to  pan  < 
l>ody.     Sulphuretted  hydrttgcn   is  very  diffusible  and  U  vcfjf 
absorbed.      Its  destructive  action  on  organic  iron  compound*  t»  tho^ 
fore   not   necessarily  limited  to    the    intestine,   but    might   easily  bfj 
exercised  in  the  bl(M>d  itself.      Stocknuui  has  pubhshe<]   some  nuall| 
wliich    sulphide  of  iron  enclosed  in  capsules   to  protect   it   from  t^j 
action    of  the  gastric  juice  was  followed  by  distinct    benefit      Tbti 
sulphide  could  not  have  attracted  any  of  the  Hulphtiretlcd  h^tirofea' 
away    from    the    organic   iron.       The    failure    of   both    btMnath 
manganese    to    act    in    the    same   way   as   curntivi*   agents    also  i 
additional  doubt  on  the  sufficiency  of  Hunge's  theory*  Mabodoei 
success  which  has  attendeil  the  subcutaneous  injection  of  vriy 
doses  of  iron. 

Among  other  theories  may  l>e  mentioned  lj>ndwehr's.    *llil» 
is  of  opinion   that^  at  the  age  anH-niia  is  connnon,  Uiere  h  a 
to  the   excessive  formation  of  animal  gum  (the   carbo-hydrate 
fttituent  of  nmcin),   wliich    is   needed    for   the   embryo.     Thix,  whaj 
present  in  excess,  may  interfere  with  the  fonnation  t*i'  lurinuglobftn. 

Zander  attaches  much  importance  to  a  supfMiseil  deficiency  io 
hydrochloric  acid  cont-iined  in  gastric  juice.     But  tliis  defiriency  to 
uniform.     The  gastric  juice  of  some  cases  of  chloru«i«i  contatsiA  a 
excess  of  hydrochloric  Hcid,  which  is  |>erhap9  partly  re«|M>nsib]c  fior 
occasional  development  of  acute  gastric  ulcers.     I'urtlirr,  thr 
tration  of  this  acid  has  no  curative  value  in  aiueniia.     llir 
therefore  unlikely  to  be  due  to  a  want  of  It. 


II.  PenuciouB   Anaemia, 


Pernicious  annfmia  differs  from  chlorosis  in  many  particular!.      It 
not  show  the  same  preferences  as  regards  age  and  m-x,  bring  comoii 
in  tilder  persons  and  in  males.      It  is.  moreover,  generally  latal. 
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Pernicious  aiiH'inm  may  Ik*  the  apivirent  result  of  hicmorrlmge  after 
childUrtli,  or  of  any  of  the  orilinary  antecedents  nf  amrmia  already 
mentioned.     More  often  it  has  no  obvious  cause. 


if     .^/^     >^ 


APPEARANCES.  J'he  blood  in  pernicious  ana-niia  is  very 
different  fi^m  that  in  chlorosis.  It 
differs  from  it  in  three  especially 
imp<jrtarit  |wrticiilars.  (1)  la  chlor- 
osis the  most  marked  feature  is  a 
dr*>|>  in  the  pfrmti/tgc  n(  ha-mo^loh- 
in»  whereas  in  pernicious  ana-mia 
the  most  marked  feature  is  the 
diminution  in  the  number  of  red 
corpuscles.  Thus,  although  Uic 
total  amount  of  hiemoglobin  is  in- 
variably diminished,  yet  the  amount 
contained  in  each  corpuscle  may 
even  be  in  excess  of  the  normal. 
Tlie  full  in  the  percenta;je  of  red 
corpuscles  is  enormous.  Blood  with 
only  y(M),000  red  corpuscles  to  the 
cubic  millimetre  has  been  described. 
diffen.*nce  is  the  frequency  of  changes  in  the  form  and  size  of  the 
corpuscles.  Sometimes  there  are  found,  as  Mtll  »s  normoblasts, 
enonnotitt  nucleated  red  corpuscles  (20/i  dia.)  known  as  giganto-blasts 
(Fig,  Hfi).  According  to  Kichhorst,  the  microcytcs  are  not  only  much 
more  mmierous  than  in  chlorosis,  but  have  a  very  characteristic  appear- 
ance. They  are  spherical,  granular,  and  highly  pigmented.  Tlu- 
number  of  leucocytes  and  of  blood  platelets  is  somewhat  diminished, 
the  tendency  to  the  formation  of  rouleaux  is  less  marked,  and  the 
coagulating  (wwer  of  the  blootl  is  feebler.  (.'S)  The  total  quantity  of 
blood  is  most  nmrkedly  diminished.  At  a  jKist-mortein  examination 
the  vessels  arc  almost  empty.  If  this  fact  be  considered  in  connec- 
tion with  the  percentage-fall  in  rc<l  corpuscles,  luid  the  diminished 
ipeciHc  gravity  of  the  blood  (1028),  some  idea  can  be  formed  of  the 
enormous  extent  of  the  chmige,  so  far  as  the  bloixi  is  etincemed. 

The  marrow  of  the  long  bones  is  generally  red,  and  contains  less 
fat  than  normal.      I^rge   numbers  of  gignnto-blasts  jire  found,   and 
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Flo,  85, — PirnUu>HS  AHttmttt,  Blood 
corpuscles  showinfp  poikilocytes  { p  ), 
microcytcs  (ot),  and  Dudtratecl  corpus- 
cles (megalocytcs)  (>»).  Prewrvfid  in 
Hayem's  fluid.* 
(S{jecimen  and  drawing  by  Dr.  Mott) 

(*i)  The  next  most  characteristic 


•  Peichloriric 
todiuin,  5  o  grm. 


of    meruury,  05  if"'- 
dUt;Ued  walcr,  km'o  c. 


ctiloride  uf  sodium.   1*0  grm. ;    sulphale  of 
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there  is  also  nn  incrcAse  of  normoblasts,  and  often  in  grest  »l 
of  microcytes.      The  red  mnrrow  contains  pigment.  jn*^nff    ^^ 
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OVfC 
Fin,  86. — /W/iirioMi  Antrmi/i.  Fresh  mairow  from  bumenis^  Appear 
Anc«  of  fellow  marrow  is  not  unlike  that  of  raspbtrry  Jam.  OnliMtf7 
marrow  cells  are  shown  {o.m.f.).  The  shaded  cells  arc  pipiwAM 
marrow  crib  forming  blood-corpuscles  ;  the  larfcr  ore  iMifKloUaMi 
And  Uie  smaller  normoblasts.  The  cells  marked  (/J  show  muUiptioa- 
(ion  by  fission,  those  marked  {g)  mtiltiplicfliion  by  crmtnatiML. 
Marrow  irrAted  with  Haycm's  fluid  and  teasrd. 

(Specimen  and  drawing  by  Pr.  Mott.) 

reaction  (see  below).     Tlie   finer  bony  trabcculit*  occasioiuUly 
absorbed. 

The  changes  in  the  liver  are  of  considerable  importance.  In  ibf ! 
centre  of  the  lobule  then."  inny  be  an  excess  of  pigment,  and  in  the  peri- 
pheral zone  iron,  so  loosely  combined  M'ith  organic  matter  that  A 
distinct  blue  coloration  can  be  obtained  on  treating  scctioni  of  tbcj 
organ  with  fcrrocyanide  of  potassium  and  dilute  hydrochloric  wA\ 
The  cells  in  the  immediate  neighbourhood  of  the  intralobular  veini 
occasionally  fatty. 

The  heart  and  smaller  blood-vessels,  and  occasionally  the  intiina  dt\ 
the    large   arteries,   show   extensive    fatty  changes  from    wlilcfa    tbcj 
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[ctctAl  mu»c]c!i  are  practically  free.     The  changes  in  the  heart  arc 

:JciiUrly  well  markctl     In  the  left  ventricle  the  fatty  areas  are  so 
inct  that  the   tenns '*  thrush-breast  "  ami  "  tabby-cat "  have  been 


FiC  87. — PemUiouiAnitmM.  Same  marrDw  as  in  Fig. 86,  bat  hardened 
in  Mailer's  fluid  and  cut  in  celloidin.  Sotnc  hatf-^otcn  £at  vesicles 
are  seen,  Hith  the  inirrvening  captllane&  much  dilated.  Tliese 
eoatain  nonnoblaAts  with  roActted  nuclei.  The  smallest  cells  are 
miCfixytes:  those  of  intermediate  sue  arc  granular- looking  red 
cwpowlfi. 

jFrom  a  spcdmcn  by  Dr.  Motl.) 

'to  denote  theni.  The  mbcataneous  fat  i^  very  genejuUy 
The  skin  acquires  a  faint  ytlloM  ish  or  "old  wax  "  colour, 
■igl^evtive  of  slight  jaundice.  Small  li8einorrha|;es  are  common  in 
nMnj  pftrt^  Flanic-sha]>ed  haemorrhages  clustered  round  the  disc  are 
ptfticaLftHy  frequent  in  the  retina,  and  are  an  important  aid  to  dia- 
gaoils.  Kxacerbations  are  accompanied  by  fever.  The  nrine  is  gener- 
ally dork.  An  excessive  amount  of  urobilin  is  excreted.  This  is 
mhown  by  the  absorption -band  at  F  when  the  urine  is  examined 
apectroscopicalljr. 


PATHOIjOGY, — Besides  the  differences  above  mentioned,  which 
may  l>c  held  to  mark  off  chlorosis  from  pernicious  antpmia,  there  is  Uie 
wldiiioiul  evidence   which   is  gained  by  the  odnunistrution   of   iron. 
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Thw   (Ini^,   which   rffects  n    cure   in   chlorosis,  is   utterly  useless   in 
|)€miciouH  Mim-iniM. 

The  inrrcrtsi'  of  iron  in  the  liver  niid  in«m>w,  aiul  of  nmbilin  in  the 
urtne^  ulTonls  evidence  thnt  the  disease  is  due  to  the  exccsnivc  destruc- 
tion of  red  blood-cells — hirmolysis.  The  chnnges  In  the  innrrow  of  the 
lonp  bones  and  the  existence  of  nucleated  corpu-sclcs  in  the  blood  fs 
no  nr^nnrnl  Af^alniit  this  view,  «s  they  inif^ht  be  due  to  increMsed 
physiolngicAlj  not  to  iMtholoj^iral^  lurmof^enesis.  Tliia  expUnntioti  'm 
the  more  pntbjible,  as  rf[K'nted  blredii»gs  of  oninmls  pnHluee  sinnlar 
rflectK.  A  soniewhnt  siniiUr  condition  has  Uucn  pnjfluced  in  the  liver 
by  the  Mlimnistnition  of  tohiydrne-dianiine.  This  disi'ovrry  has  led 
to  the  guggc6tion  that  tlie  di-seaic  is  due  to  the  absorption  of  toxic 
pHMlucts  from  the  Intcutine.  If  thU  be  correct  the  "  poiKon  *'  must  be 
stuuf  definite  sulistance  or  orjfanisni  which  very  rarely  finds  it*  way  into 
the  blood  ;  for  while  iiU'erntioa  i»f  tile  intestine  and  alt  luaiuier  of 
decomposition  of  its  contents  are  eonunon  enough,  |H:miciou»  antvniia 
itM:lf  is  com |M rati vely  rare.  The  ^xhial  prof^ress  aiid  persistence  of 
the  condition  is  also  much  a^nst  a  purely  chemical  cause,  unless  it 
l>e  the  prtxluct  of  S(»mc  uranism  which  tjikes  up  its  aliode  in  tlie 
intestine  without  producing  luiy  local  irritation.  Two  observeni  have 
dcficribcd  organi&uu,  but  their  results  have  not  yet  been  confirmed. 

It  is  worthy  (if  note  that  while  in  phosptu>rus-|Kii^iniii^  the  fatly 
Icf^ieratiun  is  almost  universal,  in  ]K-rnicious  aiuemin  it  is  far  more 
marked  in  tile  hejtrt  tlun  elsewhere.  Mott  has  sugf^rjsted  that,  while 
the  fceliiijt  of  lan/^or  so  cliaracteristie  of  the  disease  im]M»s<-s  rest  upon 
the  skeletal  uui'4ele>i,  the  deficient  <|uantity  luid  diminished  oxyf^tmting 
capacity  of  the  blo<Hl  neeensitate**  increased  work  on  the  part  of  the 
hcJtrt  The  Iwilanee  of  work  aiul  rejwiir  in  the  orgvi  cannot,  therefore, 
be  maintained,  and  degeneration  eiuucs  to  a  much  greater  extent  than 
elsewhere. 

LEUCHJEMXA. 


I«eachKinia,  or   leucocythirmia,    fx   a   disease  chjftraeteri.scd  by  a 
eonsidenble  iuid  ])cmi(inent  increase  in  the  nunil>cr  of  white  corpusclt 
of  tile  lilood,  by  a  diminution  in  the  number  of  the  re<l  corpuscles, 
by  enhu-gcment  of  some  of  tlie   lymphatic  organs.     The    lymphatic 
,organ  most  frequently  involved  is  the  spleen.     Tliis  is  enlarged  in  the 

;at  majority  of  cases  (Splenic  Keucho'mia).     The  enlargement  uf  Uie 
spleen  is  sometinics  associated  with  enlargement  of  the   lymphatic 
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glaiids,  liud  sometimes,  nlihoii^h  much  less  frpqiiently,  with  olianj^es 
in  tlie  medullit  ot' l>i»nes.  In  very  rare  cases  the  Ipnphatir  ghinds  only 
arc  involved  (Lymphatic  Lcuchjemia),  and  cases  have  been  describetl 
In  which  the  osseous  medulla  is  pnnci[>al1y  Mffeetcd  (Myelop^enic 
Leuchu>nua).  The  lymphoid  tissue  of  the  intestine  may  be  hyper- 
troplited.  hi  most  coses  of  leuclmMnia  an  overgrowth  of  lymphatic 
tissue  in  other  orpins  occurs  in  the  Ciiurse  of  the  disease. 

laeacocytosis. — Before  procccdin/;^  to  the  consideration  of  leu- 
chunniti,  it  will  be  well  to  alhulc  to  that  slijfht  and  temporary  increase 
in  the  numl>er  of  white  bhiod-corpusclcs  which  has  been  termed 
"  leucucytusis."  This  differs  fnmi  leuchsmia  in  these  respects- — tliat 
the  increase  in  the  number  of  white  corpuseles  is  only  temjMjraty,  In 
not  necessarily  associated  with  any  diminution  in  the  numl>tir  of  the 
red,  and  is  never  so  nuirked  ils  in  lt'iieh»*niia,  in  which  there  are  always 
more  than  one  wliite  to  every  twenty  red  corpuscles.  Moreover,  in 
leucocytosis  the  increase  Ls  almost  limited  to  the  muUinttclealed  leuco- 
cytes. A  slight  and  tenii>orarj'  increase  in  the  number  of  white  blood- 
corpuscles  occurs  in  many  ennditions.  Physiologically,  it  occurs  after 
A  meal,  and  in  the  later  months  of  pre^ancy.  In  pyaemia,  and  in 
many  of  the  acute  pyrexial  diseases,  esjK'cially  those  in  which  there  is 
acute  swelling  of  lyuiphatic  structures,  such  as  typhoid  and  scarlet 
fever^  there  is  often  a  marked  excess  of  white  c<»q>uscles.  The  same 
tnge  has  been  described  in  tubercular  diseiises  and  in  conditions 
jomjianicd  by  suppuration.  After  large  losses  of  bloixl,  also,  there 
is  an  increase,  owing  to  the  pouring  of  lymph  into  the  blofnl  to  make 
up  its  mass.  Leucocytosis  dues  not  seem  to  interfere  eitlier  with  the 
cireuluUoo  or  with  the  general  health. 


PATHOLOGY. — Tlie  pathology  of  leuchtemia  is  still  exceedingly 
obscure,  and  will  prolvibly  remain  so  until  our  knowledge  of  the 
physiology  of  the  blood  ami  the  origin  .ind  fate  of  tlie  blood-corpuscles 
is  more  complete.  Physiologically,  we  know  that  the  wliite  cor}»usclcs 
originate  in  the  lymphatic  organs,  from  which  they  |>ass  into  the 
bk>od>  either  directly  or  through  the  lymphatic  vessels.  Owing  to  the 
enlargement  of  one  or  more  of  the  lymphatic  organs  which  always 
exists  in  Icuchipmia,  it  has  been  suppt>sed  that  the  increase  in  the 
number  of  the  white  corpuscles  which  characterises  the  disease,  is  due 
to  their  excessive  production  by  the  enlarged  organs,  such  as  occurs  in 
some  cases  of  leucocytosis.  Inasmuch,  however,  as  there  is  not  only 
an  iucreat&e  in  the  number  of  white,  but  u  diminution  in  tlie  number  of 
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re<l,  this  liypolliPBis  is  inaufficipnt  to  account  for  Oie  chanj^f.  Further — 
l^-mplintir  or^ns  may  Iwcomc  enormously  riilar^^-d  without  the  pn>- 
ductioii  of  any  leuchfrmia.  lliia  occurs,  for  e&ample.  in  the  spleen  in 
Splenic  Annmia,  which  dii^ase,  but  for  the  fact  that  there  is  no 
incp^-ase  in  white  blfHHl-e«q>usclcs,  is  similar  to  IcuchiriniA.  It  aI»o 
oepurs  in  the  lynipluttic  glands  in  HcKl^kiii's  disease.  Thr  other  view, 
promulj^^ted  by  V'irchuw,  is  that  the  transformation  of  white  cnr|iuscles 
into  red  is  diminished.  Hence  the  former  tend  to  accumulate  and  the 
latter  to  disappear.  Ag/iin*;!  this  view  it  maybe  ur^ed  tlmt  tlu-re  in 
no  constant  jwoportion  l>ctwccn  the  inercasc  of  the  white  and  the 
diminution  of  Uie  red ;  and  that  many  of  the  leucocytes  show  evidence 
of  active  growth,  not  of  diminislicd  vitality.  It  must  also  be  remem- 
brrrd  tlmt  the  oriffin  of  red  corpus<-li-s  from  Icueocytes  is  by  no  means 
uertaiu ;  while  it  is  quite  certain  that  they  are  the  ofTspring  of  the 
nucleated  red  corpuscles  found  in  the  red  marrow  of  bone.  It  is  quitr 
poMible  that  thr  different  varieties  of  leucha^mia  have  each  a  different 
pathology. 

APPEARANCES.— Blood.— The  increase  in  the  number  ot 
white  coqiusclcs  vaiics  vcrj  con^derably  in  different  CAses.  A  propor- 
tion of  one  white  to  ten  re<l  is  <juite  common,  mid  often  there  arc  as 


young  man  witb  «t)orniott»  irttUrcv- 
nienl  of  the  spleen,      x    900. 


Amamta.     From  a  mMdlr'agrd  m.m  wati 
great  enUrgt^neni  oi  ihr  tplccrn.      ■    text. 


nuny  m  one  to  three  (Fig.  88).  'Phis  increase  givet  to  the  blood  a 
paler  and  more  opaque  appearance  than  is  natural.  In  the  earlier 
stages  of  the  disease  the  proportion  may  not  be  more  than  one  to 
twenty. 

In  tplrmc  leucocythatnia  it  \s  the  large  mononucteated  oorpusdes 
which  are  particulurly  abundant,  and  in  lipnphatu:  Ifuau-ythamia  the 
smaller  Ipnphocyten.  In  the  mtfehgntic  Jorm  the  naturxr  of  the  new 
cells  is  less  certain.  Among  the  new  elcnienti  found  in  the  blood  in 
thin  variety  are:   (I)    large  mononucleated   ncutrophile   cells   closely 
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ibling  "  marrow  cells ;  "  {^)  nucleated  red  coqiuscles  suggestive  of 
normoblasts ;  /md  (3)  eosinophilc  cells,  and  cells  with  "  mast-cell " 
granules. 

It  has  often  been  affirmed  that  the  new  corpuscles,  when  examined 
on  the  warm  stage,  show  no  amieboid  movements.  This  obsen'fttion, 
together  with  the  fact  that  fatty  degeneration  has  been  occasionally 
observed,  has  led  to  the  belief  that  the  majority  of  the  leucocytes  arc 
dead.  Muir  has  lately  pointed  out  that  the  absence  of  movement  is 
confined  to  the  Urge  mononucleated  variety,  and  that  any  multi- 
nucleated leucocytes  present  exhibit  their  normal  motility. 

TTie  red  corpuscles,  like  the  white,  vary  in  tlieir  numbers.  They 
may  be  reduced  to  one  half  or  a  quarter  the  normal.  They  are  usually 
natural  in  appearance,  but  sometimes  they  are  distinctly  paler  than  in 
health.  Occasionally  they  appear  to  be  unusually  soft,  and  exliibit  a 
tendency  to  stick  together  instead  of  forming  the  natural  rouleaux. 
In  the  case  of  splaiic  amvmUiy  referred  to  on  p.  207,  these  characters 
were  especially  marked  (Fig.  89).  The  diminution  in  the  number  and 
the  impairment  of  tlie  quality  of  the  red  corpuscles,  which  exist  not 
only  in  leuchfipmia,  but  in  most  cases  of  great  splenic  enlargement, 
account  for  the  aiuemia  which  exists  in  these  conditions.  In  addition 
to  the  red  and  white  corpuscles,  nucleated  red  corpuscles  have  been 
found  in  leuchfiemic  blood ;  and  minute,  colourless,  Itnig,  slender 
octohcdral  crystals  of  an  albuminous  character  have  been  discovered  in 
the  blood,  liver,  and  spleen.  The  coagulating  power  of  the  blood  in 
leucha^mia  is  much  diminished,  and  wSien  this  liquid  is  allowed  to 
itand  the  white  corpuscles  form  a  creamy  layer  upon  its  surface. 

Spleen. — In  this,  which  is  nmch  the  most  important  organ  in  the 
pnnluction  of  leuchtcmia,  the  change  is  characterised  mainly  by  in- 
creased growth.  The  organ  becomes  enlarged,  ot\en  enormously  so. 
The  enlargement  is  uniform,  so  that  the  shape  of  the  organ  is  but 
little  altered.  The  capsule  is  often  thickened,  and  there  are  usually 
adhesions  with  the  adjacent  viscera.  Tlie  consistence  oi  the  spleen 
in  the  later  stages  is  firmer  than  natural.  The  cut  surface  is 
smooth,  and  of  a  greyish  or  brownish-red  colour,  while  thickened 
trAbeculs*  can  often  be  seen  marking  it  as  whitish  lines.  The 
Malpighiau  corpuscles,  although  they  may  be  slightly  enlarged  in  the 
earlicJ"  stages  of  the  disease,  are  seldom  prominent,  and  they  are  often 
invisible  when  the  splenic  enlargement  is  advanced.  In  exceptional 
cases,  however,  and  especially  when  the  lymphatic  glands  are 
involved,   they   may  form  prominent   growths.      Sometimes  wedge- 
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slmped  masses,  uf  n  durk-rctl  t>r  rtrrUiish-ycllow  ci)lour,  are  »een  near 
Uie  aurface  of  tlic  or^n.     Tlicse  arc  pmbably  iiifarclioiis  of  embolic 

\Vhcn  the  spleen  in  cxAinlned  nucroscopically.  its  structure  is  touml 
to  be  but  little  nltcrcd,  the  cnlarj^cment  bcin^  due  in«inly  to  mi 
liicrciisc  of  the  splenic  pulp.  l*he  trnbcculnr  tissue  is  Also  incrcuscd 
and  thickened,  luiil  this  change  advances  with  tlie  continued  etdarge- 
ment  of  the  B|)leen.  The  Malpi^ltinn  eor^juseles  are  but  little  in- 
crcAJicd  in  siee ;  sometimes  they  arc  atrophied. 

X«yiaphatic  glands. —  Thr  entarj^cment  of  the  lyniphatir  f^lands  is 
much  less  in  splrrucleucha'inta  than  in  those  cases  inuhiuh  the  j^laniU 
are  primarily  luid  princi{>ally  atlt'cted.  In  tiplenic  leuehieniiauneormore 
^mupM  uf  glaiidb  ore  slightly  enlarf^ed  ui  about  une-third  of  the  ea&CB. 
The  f^landa  arc  rarely  Inereased  in  consistence,  and  arc  usunlty  freely 
movable.  On  section  they  arc  of  a  greyish-rrd  colour,  and  are  often 
mottled  with  luemorrbages-  Mieroscopicnllv,  the  enJargrd  glands 
•how  increase  of  the  pulp  and  blocking  of  the  lymph  ehannelH. 

lite  red  marrow,  foutid  nonnally  in  the  Ikhics  of  the  head  and 
tnuik  of  adults  and  throughout  the  Und>s  in  the  fa'tus»  is  a  blocHl- 
forming  organ,  fn  leuchn^mia  it  may  iK-coinc  more  highly  cellular; 
and  consequently  softer,  and  greyer  or  yellower  in  colour.  Further, 
whereas  in  nonnal  growth  the  red  marrow  is  replaced  by  yellow 
progressively  fmni  the  toes  and  lingem  up  to  the  lleadB  of  the  femora 
and  humeri,  in  tj^i^  disease  the  opp<isite  change  occur*,  and  the  yellow 
marrow  is  progre«dvely  transfomird  into  red  frora  the  trunk  towardfi 
the  extremities  of  the  limbs. 

Tlie  follicles  of  Uie  intestb&e  may  become  so  much  enlarged  as 
to  form  distinct  projeetiiuit  from  the  iimeouit  memlnxncr  although  tliis 
is  less  common  than  in  Hodgkin's  dihCAHc. 

Other  organs.-  -In  the  course  of  the  disease,  masKes  of  lymphatic 
tib.%ue  or  of  lymphoid  crils  usually  ap[M*ar  in  places  otherwiKe  free 
from  them,  llu-se  masse**  are  prinri]mlly  found  in  the  liver  and 
kidneys,  less  frequently  In  the  lungx  and  muscles.  The  new  growth 
In  these  organs  sometimes  forms  distinct  tumours,  but  nmch  more 
commonly  existt  as  an  infiltrution.  How  far  these  lymphoid  growths 
are  the  products  nf  a  hyperplasia  of  the  cells  in  the  interstitial 
tisvue  of  the  organ  in  which  they  are  situated,  and  how  far  they  are  the 
result  of  emigration  of  the  leucocyte*,  wtiieli  exist  in  such  large  numbers 
bU»od,  14  unknown,  The  former^  however,  1«  probably  the  most 
it  factor  in  Uie  proecsb. 
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The  orgau  which  is  most  frequejitly  ktfcctcd  is  the  Ikwer.     Here,  in 

leuchirmia,  the  vessels  generally  are  enUrged  and  distmdc*!  with 
white  blotHl-cuqjuscles.  Aceuniulations  of  corpuscles  and  lymphoid 
le  arc  seen  between  the  arini.  and  extending  along  the  intercellular 
network  into  the  acini  themselves^  so  that  the  lobules  are  somebmes 
seen  to  be  clearly  mapped  out  by  a  greyish-white  interlobular  infiltra- 
tion. As  this  increases,  the  liver-cells  become  compressed  and  atrophy, 
until  ultimately  the  lobules  may  be  entirely  replaced  by  it-     I'his  ib 


Fio.  pa — Ui^r/rvm  a  cast  ifS^tenU  Anmmitt.  Showing  Uic  culauive 
o=lIular  infiltralion  involiing  the  inierccllulAr  network.  Thr  organ 
was  greatly  cnlnrge«L.  and  the  new  lisouc  was  visible  to  the  naked 
eye  between  the  9jc\m.     x   aocx 

well-shown  in  the  Hver  from  the  case  of  splenic  ano-mia  (Fig.  90),  the 
l>lo<xl  frtim  which  is  represented  in  Fig.  8fK  Associated  with  tht» 
infiltration  tliere  is  often  a  formation  of  small,  round,  whitish  lymphoid 
nodules,  soiiirwhat  resembling  grey  tubercles.  These  also  are 
situated  in  the  interlobular  tissue.  Owing  to  these  changes,  the  li\'er 
becomes  vert-  considerably  increaseil  in  size. 

In  the  kidneys,  which  are  also  fretjuently  aflected,  the  change  is 
similar  to  that  in  the  li%'er.  Here  also  it  consists  for  the  most  part  in 
an  infiltration,  with  which  may  be  associated  the  formation  of  roundish 
nodules  and  masses. 


CHAITKK   Will. 
DISEASES  OF  THE  CIRCULATION. 

The  efficiency  of  the  circulation  dci>ends  on  the  maintenance  of  a 
correct  relationship  between  the  action  of  the  heart,  the  sixe  and 
elasticity  of  the  bloo<l-vessels,  nnd  the  quantity  jmd  composition  of  the 
blood,  as  well  as  on  the  maintenance  of  a  healUiy  lining  membrane 
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throuj^hout  the  whole  of  the  vascular  tract.  It  is  altogether  out  of  the 
scope  of  this  work  to  deal  fully  with  the  many  yunys  in  which  the«e 
v&rious  factors  may  deviate  from  the  staiidanl  of  healtli.  Pmctically, 
in  diBca&c,  they  arc  nearly  always  coiiibiiied.  Structural  diseases  of 
the  hearty  arteries,  and  veins,  together  with  their  results  on  the 
general  circulation,  will  be  dealt  with  subftcfjuently.  Wc  shall  here 
limit  oiiniclves  to  n  hrirf  review  of  the  cniiM^s  and  effects  of  both 
dimination  and  Increase  in  the  blood  supply  of  a  [uirt,  and  tltcn 
deal  at  greater  length  with  the  phenomena  of  mechjuiical  con* 
gestion.  dropsy,  thrombosis,  and  embolism. 

LOCAL   ANJEMZA. 

By  local  anemia  is  meant  diminution  in  the  anioiint  of  blood 
in  A  part  owing  to  deficiency  of  the  supply.  It  may  l>e  partial  or 
complete. 


CAUSCS. — The  causes  of  diminished  arterial  supply  comprise  all 
those  conditions  which  either  narrow  or  completely  close  the  lumen  oC 
the  tupplying  artery.  The  lumen  of  nn  artery  may  l>e  diminished  by 
disease  of  its  walls — atheroma,  calcification,  or  syphilitic  thickening  ; 
or  by  pressure  exercised  upon  it  fVorn  without,  as  by  new  growths, 
constricting  scars,  inflammatory  exudations  and  meclianical  dTusion^, 
especially  tn  unyielding  tissues,  as  bones  or  tendun-sheatlts.  Complete 
closure  of  the  vessel  may  result  from  some  of  the  foregoing  conditions, 
or,  more  commordy,  from  tiirombosis,  embolism,  ur  ligature.  In  some 
eases  the  supply  of  blood  is  dinuuished  by  on  increase  in  the  natural 
resistance,  ironi  irritation  of  the  vaso-motor  nerve.  This  occurs  in 
Mmie  neuralgic  and  other  nervous  lUfcctionH,  or  from  the  action  of 
certain  substances,  such  as  ergot  of  rye  and  opium,  or,  again,  merely  as 
the  result  of  a  low  temperature.  It  is  H<Mnctiincs  attributed  to  the 
presence  In  the  vesscU  of  products  of  mctAboUhm,  either  in  excessive 
amount  or  of  abnormal  rhamcter.  Antrmia  of  one  part  may  be 
secondary  to  hy|K*nrmia  uf  other  |iarts,  such  as  anu*niia  of  the  brain  and 
skin  in  congestion  of  the  abdoininnl  viscera  ;  or  it  may  be  due  to  a 
general  dimiuutioD  of  the  toUil  quantity  of  blood,  as  after  ha*morrtiage. 
In  which  case  the  distal  parts  suffer  most 


ItHSUXaTS. — A  part  witli  a  diminishe<l  arterial  supply  is  usually 
paler,    less    lease,   oJid   of  a    lower    terapcrnturc    tJian    luitural.      its 
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nutrition  and  function  also  are  impaired,  so  that  it  may  undergo  fatty 
degeneration,  atrophy,  or  death.  These  results  have  been  exemplified 
in  the  chapters  on  Fatty  Defeneration,  Atrophy,  and  Necrosis. 

Obstruction  of  a  large  artery  causes  rise  of  pressure  (transient  under 
lienlthy  conditions)  everywhere  except  in  its  own  area ;  and  this 
increased  pressure  endangers  the  safety  of  delicate  or  diseased  vesselsj 
until  tlie  extra  bhxid  thrown  into  the  suddenly  curtailed  vascular 
system  is  accommodated  in  some  way.  The  heightened  pressure  aflecls 
the  vaso-motor  centre,  and  this  speedily  produces  dilatation  of  vessels 
sufficient  to  restore  the  normal  pressure.  But  the  ves.sels  which  dihito 
most  markedly  ajid  persistently  are  tliose  going  to  the  jiuHMuic  |Mirt 
and  anastomosing  with  branches  from  the  trunk,  beyond  the  obstruc- 
tion ;  this  is  probably  owing  to  some  obscure  vnso-motor  meeluinism, 
excited,  it  may  be,  by  the  amemia.  Tliese  "collateral  "  vessels  become 
larger,  longer  (tortuous),  and  thicker,  until  the  circulation  in  the  part 
lias  agiiin  become  normal — i.e.,  collateral  circulation  is  established. 
At  first,  all  vessels  having  onastoraoscs  with  the  obstructed  one  probably 
dilate ;  but  those  which  enlarge  permanently  are  almost  invariably 
branches  on  the  same  side  as  the  obstruction — e.g.^  the  right  inferior 
thyroid  and  vertebral  arteries  dilate  atler  ligature  of  the  right  eamtid. 
The  primary  antemia,  the  blush  and  heightened  tenijwrature  of 
vascular  dilatation,  and  the  final  return  to  the  nonual,  can  be  seen  in 
limbs  utter  ligature  of  main  vessels  (p.  ^40). 


HYPERJEMIA. 

Hyperseiaia,  or  congestion,  is  excess  of  blood  in  the  more  or 
less  dilated  vessels  of  a  jrart.  It  may  be  (1)  active  (arterial)  or 
(2)  mechanical  (venous).     These  two  varieties  must  be  considered 

•epiirntfly. 

ACTIVS  OR  ARTERIAL  HYPERJEMZA. 

Active  hypencmia  means  excess  of  arterial  blood  in  a  jvirt,  with,  in 
most  cases,  acceleration  of  How. 


CAUSES. — The  immediate  cause  of  active   hyperaemia  is  in  all 
cases  diminiahed  arterial  resistance. 

Diminished  arterial  resistance  may  be  jiroilueed  jwiUioIogieallv  r — 
1st.    By  certain    agencies    which    have    a    weakeninf;   or 
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paralysing  effect  npon  the  involtmtary  mtiscle  of  vessel-walla 

/•iift^n'  from   previous   pnilon^fd   runtracUoii   Ims  lliis  clJccl,  »"=■    seen 
ill  iliL*  hypeneiiiia  of  the  luindii  which  follows  MiuwlNillJng.     Wnrmth 
ItMj,  is  generally   plnrnl   under  this    hcjidin;^.      InJurivH   of  nil    kind 
when   not   Hcting  suddenly   "nd    with    extreme    severity,    pnxhice   a' 
reflex  hj'pcnrmin  by  their  iniltienee  on  sensory  nerves.     This  oc 
before  Uie  tnte  inflninmator)'  diUtAtion  sets  in^  nnd  must  be  ineltidecl 
in    the    next    group    of  eiiscs.     Tlie  dilutiitioti  vharnrtrrUtic  of  injiam- 
ntatioH  is  due   to  direel   duniage  of  the  vessel-wnll,  and  then-fore  fnll 
under  this  heftding ;  nnd,  so  Ifmg  a<»  it  is  more  than  Bulfieieut  to  coun- 
terbrtlrtnee  the  jnereniicd  resistAnee  whieh  always  Aeeoni|Niuieft  it  (sc 
"  Inllnninrntion "),   the  tjunntily  f>f   bl(MHl    |Mts«ing    through    the    |)art 
is    greater    thnn    noniml — i.r.^    the    |Mirt   is  hyiK'neniie.      The    xttdden 
mnoxHiI  of  prexxure  ih  miotJier  eaune  of  hypenetniH.     Thus,  congr»iUon  of 
the  abdoiiiln/il   vcswts  follows  the  removal  of  mueh  dseitie  fluid,  or  of 
u   hirge  iivjirinn   tumour  :  bleeding  from    the  pleura  iH'eurt  wlien   the 
eavity  is  rapidly  emptied  by  nspinition  or  stmtig  syphim-aetion  :  bleed- 
ing may  also  follow  the  couiplcle  emptying  of  a  cJlrunienlly  distended 
bladder.     The  musele  of  the  vessels,  aecustomed  to  much  support,  has 
lost  power;    HO.  when  the  supjiort  is  suddenly  removed,  the  vewels 
dilati-  fully,  and  snmU  ones  perhaps  rupture. 

^nd.  By  the  removal^  either  directly,  or  reflexly — i.e.,  by 
luhibitioa—of  the  vaso-tonic  action  of  the  sympathetic. 
Thu'i,  ;u'tive  etmgeslion  fc»llows  prrs-^ure  u|>on  the  synip;itli«ti»*  as  in 
the  neck~by  on  uueur^iim.  Certain  drugs,  takeu  iutenially,  are 
believed  to  direetly  iHiralyse  the  vaso-tonic  nerve* — r.g.^  tn'trite  of 
HUiyh  aleohol,  tubaeeo. 

'Hie  rrjirx  process  is  grnrrnlly  due  to  stitnuhition  of  sensor)'  nenes, 
the  diminution  in  tonus  thus  prinluced  being  more  or  less  aeeurately 
eonfinrd  to  the  region  sup|>lied  by  the  nerve,  l-'riction  juid  alight 
irritant*  in  thr  early  stage?*  of  their  action  pro<Iuee  hy|>em'min  in  tliis 
way  (Kec  above).  It  seeuis  tluil  vascular  dilafjition  of  decji  organs 
may  be  produced  rcficxly  by  the  application  of  Htupcs  to  the  skin 
over  tiicm.  h 

Anamia  of  any  large  port — as  of  a  limb,  com|}ressed  by  EHmarch'sH 
iNindage,  or  of  tJit-  skin  fn->m  cold  —  necessarily  causes  ht/prra*mki  of 
other  paru — compensatory  hyperemia,  liut  all  fxirts  do  not 
suffer  equally,  aa  they  would  do  were  the  hy|>era?mia  the  rciult  simply! 
of  increaaed  arterial  prewurt- ;  certain  vessels,  as  the  great  abdominal 
veiu^,   dilate,  slutwiiig  tliat   the  vaso-uiotor  s\btcm  anrjuigcfe  for  llie 
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Accommodation  of*  the  surplus  blood  by  producing;  local  diminutions  of 
vAscular  resistAnoe.  After  extirpution  of  one  kidney,  its  sliare  of  blood 
posses  mainly  to  the  other. 

Srd.  By  excitation  of  vaso-dilator  nerves,  such  as  tlie  chorda 
tympuni.  Notlun^  is  certainly  known  of  this  as  a  cause  of  hyperemia ; 
but  the  hy|>cnemia  associated  with  facial  neuralgia  and  that  of  the 
thvrtnd  in  exopthalmic  goitre,  have  been  referred  to  vaso-dilator 
neuroses,  and  also  to  iidiibition  of  vaso-tonic  ner\c5. 

RESITIjTS. — The  results  of  active  hy{>eraimia  are  princi|>ally  such 
as  might  be  expected  from  inereasc  in  the  amount  of  arterial  bloo<l, 
and  in  the  rapidity  of  its  How,  in  any  particular  organ  or  tissue.  The 
symptoms  in  a  superficial  part  are — increased  redness  and  pulsation, 
A  subjective  sensation  of  throbbing,  sonic  increase  in  bulk,  ami  marked 
elevation  of  surface  temperature,  until  this  approaches  that  of  internal 
organs.  If  the  hyperemia  be  of  long  duration,  or  frequently  repeated, 
the  small  arteries  remain  |x?rmanently  enlarged,  their  walls  gradually 
thicken,  and  the  epithelium  and  connective-tissues  of  the  part  increase. 
This  may  be  seen  in  the  |»apillary  tliickening  round  a  callous  ulcer  of 
the  leg^  and  the  occasional  spread  of  ossification  from  the  tibia  into 
tlic  gnmulation-tissue.  The  ability  to  work  is  increased,  and  hyper- 
trophy will  follow  if  the  increased  work  is  maintained  (p.  9^).  In 
hypcrttmia  of  the  nervous  centres,  we  see  great  excitability,  par- 
a?sthesia*  of  sight  and  hearing,  and  even  convulsions.  In  some  glands, 
such  as  the  kidneys,  secretion  is  increased,  the  urine  being  watery 
and  sometimes  albuminous. 

MSCHANICAL  OR  VBNOUS  HYPERAMIA. 

In  venous  h3qicr8enua,  the  excess  of  blood  is  in  the  veins  and 
capillaries,  and  the  How,  instead  of  being  accelerated,  is  retarded. 
This  is  so  frequently  produced  by  some  obvious  mechanical  obstacle 
to  the  return  of  blood  througli  the  veins,  that  it  is  often  called 
mechanical  hypenemia.  The  congestion  of  a  finger,  produced  by 
II  moderately  tight  band  tied  round  it,  may  be  taken  as  the  type  of 
ituch  cases. 


CAUSES. — Anything  which  weakens  the  forces  carrying  on 
tlie  venous  circulation,  or  which  op{)oscs  unusual  resistance  to 
this   circulation — must    tend    tu   produce    venous   hypcra.'mia.      Such 
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causoR  may  exist  in  any  part  of  the  vascular  system  —heart,  arteric«, 
onpiilnrivs,  or  vriiis  hoiih'  h;iviiij{  a  !<h'a1,  others  a  genernl  cffrrt. 
'I'hcy  timy  be  armn^ed  undor  two  headings — (I)  those  which  dmiiniJiH 
the  m  a  ifrgo,  or  propelling  force ;  nnd  (2)  thosr  whieli  introtiwe 
a  ris  rt  fronle,  thus  plncinjf  n  direct  impediment  to  the  return  of 
hhKNl  by  the  veins. 

I.  Chief  in  the  first  grmip  is  diminished  cardiac  power.  The 
hcnrt  niny  act  so  feebly  or  be  so  dnnmged  striu-lurnlly  (see  "  Endo- 
carditis ").  that  too  little  blood  enters  the  arteries  at  each  stroke,  and 
generally  at  a  pressure  less  than  normal.  As  a  result  the  arterial 
supply  of  all  part**  is  diminished,  bloo<l  la/^  in  the  veins,  and  a  leu 
quantity  than  normal  returns  to  the  heart  during  each  diastole.  This 
is  very  evident  in  prolonifcd  febrile*  diseases,  such  ns  typhoid,  and 
in  those  degenerations  of  the  walK  of  the  heart,  which  Irad  to  dilata- 
tion of  its  cavities.  In  whichever  of  these  ways  the  !•«  a  iergo  ia 
diminished,  Uint  diminished  fuln<*ss  of  the  arteries  and  over-fulness  of 
the  veinsi  which  are  so  familiar  elinicidly  as  the  result  of  cardiac 
failure,  will  be  ]>roducc*d.  If  this  condition  be  of  long  duration, 
there  is  nrcessnrily  s«»  much  interference  with  the  oxygcniitioii  of  the 
blood,  with  the  functions  ot  the  bittod-fonning  urgims,  and  with  the 
prf»ces.ses  of  digestion  and  nssimilatinn,  that  the  blood  itself  becomes 
dcteriopitcd.  and  thus  by  its  lagging  in  ever)'  tissue  the  nutrition  of 
all  suffer?*. 

Za  Ul6  arteries  the  driving  force  may  be  weakened  (1^  by  total  nr 
partial  ohntrvciiou  of  an  arterial  trunk  ;  {'2)  by  dilaiaiitm,  arising  from 
vimple  atony,  or  from  those  general  fatty,  atlieromntous,  or  fibroid 
eliangrs  of  the  arterial  wall,  so  common  in  advanced  life  ;  or  (.S)  by 
rigidity,  in  which  ease,  owing  to  loss  of  arterial  elasticity,  the  heart** 
force  is  wasted  against  the  walls  of  rigid  arteries. 

Obstruction  to  the  circulation  in  capillariefl  arises  mainly  from 
pressure  of  iuHjmmiatury  and  semus  cffusinns  on  capillary  areas. 

With  regarti  to  veina  the  circulation  will  be  slowed  by  (1)  absenee 
of  muscular  contractions,  especially  in  llic  lower  extremity ;  (2)  such 
dilatation  as  pHxlut^es  incom|>etence  of  valves,  thus  rendering  nuisculnr 
action  useless  as  on  aid  to  circulation ;  and  (.S)  by  anything  which, 
diminishing  the  clastic  force  with  which  the  lung  tends  to  draw  away 
irom  the  pleural-wall,  lessens  tl)oracic  aspiration.  Forcible  expiration 
will  replace  the  normal  winia-pressure  within  the  thorax  by  a  plus- 
pressure :  thus  plajing  wind  instruments  impedes  entry  of  blood 
lr»»m  veins  into  the  heart.     Emphysema,  effusion  of  air  or  fluid  into  the 
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pleural  cavities,  aiul  large  uewgrowtlis  of  the  lung  act  similarly.  These 
causes  might  fairly  rank  under  the  second  heading. 

When,  by  various  combinations  of  the  above  conditions,  the  circula- 
tion is  much  retarded,  hypostatic  congestion  occurs,  The  com- 
monest seats  of  this  are  the  posterior  edges  and  bases  of  the  lungs, 
the  skin  over  the  sacrum,  and  any  parts  kept  constantly  dependent. 
Slowing  of  the  circulation  causes  distension  of  the  veins  and  increase 
of  the  intravenous  pressure.  In  any  such  part  which  is  also  dependent, 
the  intravenous,  and  therefore  capillary,  pressure  is  further  increased 
by  gravity.  The  force  of  gravity  is  in  pro|iortion  to  the  vertical  distance 
between  the  highest  point  of  the  bod}'  for  the  time  being,  and  the  part 
in  question.  If  the  jutient  is  so  weak  as  to  be  unable  to  change  his 
position,  this  pressure  constantly  act&  upon  the  wnne  veins  and  capil- 
laries, dilating  themj  and  greatly  increasing  the  tendency  to  leakage 
through  their  badly  nourished  walls.  Thus  the  part  is  redder  and 
softer  than  nurnuil,  and  is  ctdematous  (p.  2*21).  In  bedridden  patients 
breathing  is  often  very  shallow,  and  the  effect  of  expiration  in  driving 
blood  on  to  the  left  auricle  is  therefore  diminished  (see  "Hypostatic 
Pneumonia").  In  people,  who  are  walking  about,  dropsy  from  heart- 
disease  generally  begins  in  the  legs.  This  is  due  largely  to  the  action 
of  gravity. 

S.  Examples  of  direct  impediments  to  the  return  of  blood  by  the 
veins  are  numerous.  Thus,  congestion  of  the  chylopoietic  viscera  from 
compression  of  the  portal  capillaries  occurs  in  cirrhosis  of  the  liver; 
congestion  of  the  lung  follows  mitral  constriction  or  regurgitation ; 
congestion  of  the  systemic  circulation  results  from  insufficiency  of  the 
tricuspid  valve  ;  and  in  the  lower  extremities  the  same  result  may  be 
due  to  pressure  of  the  gravid  uterus  on  the  iliac  veins. 


RESULTS* — Whether  there  be  a  direct  impediment  to  the  return 
of  blood  by  the  veins,  or  a  failure  in  the  forces  of  circulation,  the  veins 
and  capillaries  dilate,  and  the  blood,  moving  with  diminished  velocity, 
accumulates  in  them.  The  subset]uent  changes  will  depend  upon  the 
degree  of  obstruction  to  the  venous  return,  and  upon  the  arterial  pres- 
sure ;  in  other  words,  upon  the  injury  sustained  by  the  vessel-walls 
from  impaired  nutrition,  and  u|x>n  the  increase  of  pressure  iu  the  veins 
and  capillaries.  In  addition  to  the  immediate  etfeots,  such  as  the 
diminished  secretion  of  urine,  the  most  imjwrtant  of  tlie  more  gradually 
induced  changes  arc  the  exudation  of  serum,  the  escape  of  red  blootU 
corpuscles,  htemorrhage,  Hbroid  induration,  thrombosis,  and  necrosis. 
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1.  ZSxadation  of  Serum  is  one  of  the  most  importaikt  results  or 
mechanical  hy|>enemiii.      It  is  discussed  on  p.  219- 

S.  Escape  of  Red  Blood-corpoacles  occurs  when  olMtrucUon 
to  the  venou5  rcluni  is  vcr)'  great ;  they  transude  with  the  Huid  from  the 
veins  and  cafiilUries.  The  bli»fKl-streani  in  these  vesseU  e«>ni|»letely 
Btagnjites,  And  the  red  corpuscles  l)econie  packed  into  a  coherent  mius 
which  nseilUtc.H  to  and  fro  with  the  arterial  pulsation.  Then,  suddenly. 
Home  of  the  red  corpuscles  penetrate  the  walls  of  the  snmll  veins  und 
capillaries  and  escape  into  the  surrounding  tissues.  'Hus  seem*  to  occur 
without  rupture  of  the  vessel,  f<»r  if  the  ligature  l>e  removed,  the  blood 
Again  eireulatefl  In  a  |)crfectly  nonnal  niuinier.  The  corpuscles  rarely 
escape  in  great  numbers.  It  has  been  suggested  that  they  pass  thnnigh 
the  stomata  which  Uecklinghauiicn  has  shown  to  e\i<it  l>ctwecn  the 
endothelial  elements  ;  but  ns  plasma  could  easily  pns-s  thnmgh  o|M:nings 
Urge  enough  for  a  red  corpuscle,  and  ns  the  tran^uchdion-Huid  differs 
markedly  from  phisma,  CVihnhcini  considered  that  the  existence  of  these 
ttomnta  is  unneeessai^  to  account  for  the  esciii>e  of  corpuscles. 

S.  H Mm o rrlutge  \*  another  result  of  mechanical  hypenemla,  and 
usually  occurs  only  when  the  obstn*ction  to  the  venous  current  is  very 
great,  and  when  the  nutrition  of  vessels  and  tissues  has  suffereil  from 
long  congestion.  Healthy  vessels  can  hear  verj-  heavy  stniins  without 
giving  way.  Those  vevsels  which  are  the  least  supported  arc  the  first 
to  give  way.  Miemorrhagc  into  the  stomach  in  cirrhosis  of  the  liver, 
and  into  the  lung  in  mitnd  stenosis  are  fnmilinr  examples  of  this  rcKult. 

i.  Fibroid  InduraUon  is  due  tfi  a  gradual  increase  in  the  eonnec- 
Uve-iwaue  round  the  bliMKl-vessels.  and  is  one  of  the  mu*»t  im|)ortant 
feenlti  of  long-continued  meehajucal  hypenemia.  The  interstitial 
growth  was  fonnerly  supposed  to  lead  to  atrophy  »if  the  higher 
structures^  and  thus  to  Imjmirment  of  the  functions  of  the  organ.  In 
the  )it<»raaeh,  it  wa«  said  to  prtxliice  atro|»)iy  of  the  glandular  structures  ; 
in  tJie  kidney,  compression  of  the  urine-tubes  ;  and,  in  the  heart, 
dimtmition  in  motor  jMJwer.  It  is  probable,  however,  that  the  atrophy 
In  these  cases  is  primary,  following  the  deficient  supply  of  oxygenated 
blood,  and  that  the  increaKc  in  the  stroma  is  due  to  the  fact  that  it  ts 
the  only  tinsiie  present  tliat  can  thrive  on  the  material  supplied.  Tlie 
alterations  which  this  change  pnxluccs  to  the  physical  character*  of  the 
orgmuji — vis,,  induration  a&sociate<l  with  abnormal  redness,  due  to  the 
exocn  of  blood  or  pigmentation  from  lurmatoidin — are  exceedingly 
eharaeteristic, 

.'f.  Tbromboaifl  (see  |i.  2^ti). 
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6.  Necroaui  occurs  iVoni  mechanical  h^'pcrn'miu  only  when  the 
obstruction  is  very  general  find  complete  (pp.  19,  "iii  and  38). 

To  sum  up,  long-continued  mechanical  hypera'nua  leads  to  impair- 
ment of  vitality  and  function.  The  tissues  gradually  undergo  retio- 
grejisivc  changes  and  atrophy,  although  from  tlie  amoiuit  of  exudation 
and  blood  whiqh  they  contain,  their  size  and  absolute  weight  may  be 
increased.  Tliis  form  of  hypenemia  has  no  tendency  to  cause  multi- 
pliration  of  tissues  other  than  of  the  cfinnccHre,  and,  in  the  case  oi 
catarrhs  of  mucous  membrunes,  of  the  epithelial. 


POST-MORTEM  EVIDENCES  OF  HYPER-ffiMIA.— 

I'arts  which  were  actively  hyperuMuii'  during  life  frequently  bliow  no 
signs  of  it  after  death  :  for,  if  coagulation  does  not  occur  immediately, 
contraction  of  the  arteries  or  of  the  elastic  capsules  of  organs  forces 
the  blood  on  into  the  veins,  thus  rendering  the  recognition  of  arterial 
or  capillary  hypcneniia  impossible.  Further,  under  the  influence  of 
gravity  alone,  fluid  blood  will  tend  to  run  to  the  more  dependent  imrts  : 
and  thus  a  hypenrmic  organ — whether  actively  or  passively  so — may  be 
emptied  of  blood  and  may  thus  appear  jvdc 

But  de}>endent  )iarts,  on  the  other  hand — the  i>osterior  portions  of 
the  lungs,  the  lowest  CT)ils  of  intestine,  the  skin  on  the  posterior 
surface  in  dorsal  decubitus — which  may  have  been  healthy  during  life, 
now  become  full  of  dark  blood.  It  is  often  difficult  to  say  how  much 
of  the  congestion  of  the  l>ase  of  a  lung  is  ante-mortem  and  how  nmeh 
post-mortem. 

A  further  source  of  error  exists  in  the  post-mortem  staining  of  ]>arl8, 
especially  of  the  endocartliuni,  the  linings  of  great  vessels,  and  the 
tissues  round  veins,  such  as  is  met  with,  ptirticularly  in  sepUcsemia. 
The  redness  in  these  cases  is  uttiform,  and  no  inagniHcation  will  show 
that  it  depends  u|X)n  distended  vessels,  while  a  simple  lens  will 
generally  show  the  capillary  nature  even  of  an  apparently  uniform 
hifprrtt'tuic  redness. 

When  large  veins  are  hy|>eraMnic,  the  injection  is  said  to  be 
"  ramiform,"  from  their  branching  form  and  dark-blue  colour.  In  the 
intestine,  skin,  and  kidney,  hypenemia  may  appear  punctifortn  from 
the  arningrnient  of  the  vessels  in  villi,  pupilla*,  or  Malpighian  cor- 
puscles as  the  case  may  be.  .Minute  punetifonn  liwmorrhages  must 
not  be  niistnken  fur  such  cases. 

I'tgmcntation  (slate-grey,  black  or  brown)  from  the  altered  h«'mo- 
globin   of  disintegrated    corpuscles   generally   remains   after   chronic 
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hypencmia,  as  is  often  seen  in  the  stomach  axbd  intestines  after  pnrtAl 
eongettion,  and  in  the  bladder  and  the  lungs  after  chronic  catarrh 
(p.  218). 


Mechanical  Hyperaemia  of  the  Liver* 

Ixmg-continucd  mechanical  hypcnrmia  of  the  liver  invariably 
gives  rise  to  thi-  condition  known  as  Nntueg  Uver,  which  m> 
fretjuently  results  front  cardiac  incom]>cte]ice.     The  cliuiige  is  charac- 


as 


KlG.  ^i.—Smlmrg/.ntr.     Dr  i.ic  Jivcr-ceJia  and  pigmenla- 

Udn  uf  the  urfilnil  |xiftiuir  i^  ;  nei4  growth  of  oonnectivc- 

tlisucAl  thepmpticry.  V.  ii<  [j.lul  vein.  P.  roflalcanaJ.  x  ya. 
When  fnorr  highly  magnified,  iiumcruus  nuclei  are  Kcn  in  ihc 
pKfifthenil  conncctivi-^tisaue.  In  ihia  spccitueu  iherc  n  mofc  new 
Uhut  at  (he  prriphrry  than  u  tisuaL 

teriaed  by  a  large  accumulation  of  blorKl  in  tlic  Miblobular  and  inl 
lubulnr  veins,  which  dilate  nnd  thicken  ;  by  atrophy  of  the  hcpatle'' 
cells  in  the  crntral  |KJrtii)nN  <»f  the*  Uibulcs;  and  rarely  by  increase  o^ 
Uic  ititerlobular  connccUve-tmue.  The  iiupedinient  to  the  return  of 
blood  by  the  hepatic  veins  leads  to  atrophy  of  the  celU  in  the  central 
|iortions  of  the  acini  and  to  tlic  deposit  of  pigmentj  tio  that,  when 
cxaintned  niicroscopicully*  these  ]xrrtions  of  the  acini  are  seen  to 
cnnKifit  of  broken-down  cells  and  granules  of  pigment  (Fig.  1)1).     llic 
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intralobular  veins  and  their  radicles  are  much  dilated^  and  filled  with 
red  blood-corpuscles  (Fig.  y'2).  Their  walls  are  thickened,  and  there 
often  appears  to  be  also  more  or  less  thickening  of  the  intercellular 
network  which  imuiediutely  surrounds  the  central  vein.  Owing  to 
this  thickening  of  the  central  vein  and  of  the  adjacent  intercellular 
network,  and  to  the  destructioti  of  the  liver-cells,  thr  most  central 
portions  of  the  acini,  in  adxanced  stages  of  the  disease,  mny  present  a 
fibrous  appearance.  This  appearance  is  much  less  marked  in  injected 
specimens,  and  is  therefore  chiefly  due  to  atrophy  of  the  cells  and 
^tension  of  the  vessels.     At  the  peripheral  ports  of  the  acini  new 


Fig.  93. — S'ut$neg  Liver.  Portion  of  FlE*  9'>  "«""  central  hepatic  vein 
(V),  more  highly  magnilied.  Showing  (he  thickening  of  the  veins, 
and  the  accumulalioo  of  red  blood-corpuscles  within  thcau      x  400. 
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iterlobulnr  growth  is  occasionally  seen  nisinuating  itself  between  the 
almost  unaltered  liver-cells.  This  new  interlobular  gnnvth  is  less 
nucleated  than  that  met  with  in  cirrhosis  of  the  liver. 

In  the  earlier  st^iges  of  this  affection  the  Lver  is  smooth  and  often 
considerably  increased  in  size  from  the  large  amount  of  bloo<l  which  it 
mtains.  On  section,  it  jirL-sents  a  peculiar  mottled  appearance,  the 
mtre  of  the  Iitbtiles  being  of  a  dark-red  colour,  whilst  the  ja^ripheral 
portions  are  of  a  yellowish-wliite.  This  latter  appearance  is  occasionally 
HMpcreased  by  fatty  infiltration  of  the  peripheral  liver-cells.  The 
^^kppearance  of  such  a  section  is  not  unlike  that  of  a  nutmeg. 
^^Rjltimately,  the  organ  may  undergo  a  gradual  diminution  in  size, 
^^%ecoming  more  or  less  irregular  on  the  surface.  This  is  due  to  atrophy 
1  of  the  central  cells  of  the  lobides  mainly  from  raal-nutritiou  (p.  214), 
but  partly  from  pressure  of  the  diluted  central  veins  and  the  con- 
LcUng  interlobular  growth. 
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Medumical  Hypersemia  of  the  Lyings* 

In  the  lun^,  Ion^-continue<l  mechanical  hypt-nrinia  pn»ducc8  thai 
peculiar  induration  and  pigmentation  which  is  known  n»  Brown 
Indoration.  This  must  frequently  results  from  stenosis  and  iusufTi- 
lienoy  of  the  mitnd  orifice.  The  ultcrntions  produced  in  the  pulmonary 
texture  consist  in  the  first  place  of  elongation  and  dilatation  of  the 
pulmonary  capillaries,  so  that  even  in  uninjeeted  preparations  tlie 
alveolar  walls  npiiear  abnonually  tortuous.     The  epithelial  cells  lining; 
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Kic  93.  — /'wir*  /«*(/« rn/MM  (/  the  /.Mffjf.  Sliouing  ih«"  nljiiomuil 
fiuinbrr  or  swollen  plgmrntrd  epithelial  crlis  covering  the  nlvrolar 
wftlU,  thr  incrras«of  connectivc-iiuiu!  urcnind  \\w  blood-vessels.  •*, 
]iAcl  ihr  Inrgr  quanitty  of  plginetU.    A,  Tht?  alvcolnr  caviiy.    x  aoa 


Ihr  alvroli  lK*eomc  itwoUeii,  pmbahly  multiply,  and  arc  srrn  in  lar^e 
iuimt>erA,  filled  with  dark-brown  pigment,  covering  tlic  alveolar  walls 
(Fig.  !K<).  Thi'V  frequently  accnnuilatc  within  the  alveolnr  ravitles. 
These  change*  are  followed  hy  an  increase  in  the  intcrlobtdat  con- 
nective-tissue, by  the  formation  of  large  quantitien  of  brownish-black 
pigment,  and  often  by  a  thickening  of  the  alveolar  walls.  The  bron- 
chial mucous  nieuibrune  is  dark  »nd  the  small  peribrfmchial  vrssrU  arc 
dilatccL  Sometimes  these  vessels  rupture  atid  blmHl  is  extravasated 
Into  the  tisAue  of  the  lung  (m-c  -  Pulmonary  .\popUxy  "). 

Lungs,  in  which  thc«c  changcH  arc  at  all  advanced,  present  a  more 
or  lew  uniform  brownish-red  lint,  mi>ttlrd  with  lirown  or  blaekish- 
ooloored  specks  and  stxudis.     They   are   heavier   and  tougher   than 
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natuml,  less  crepitant,  and  upon  squeezing  them  the  pulmonary  tissue 
is  found  to  be  denser  and  thicker  than  that  of  a  healthy  lung. 


DROPSV. 

The  normal  tissues  are  continuously  bathed  tn,  and  nourished  by, 
the  lymph,  which  derives  its  nutritive  properties  from  the  blood,  and 
passes  on  into  that  fluitl  the  j)roducts  it  receives  in  exchange  from  tlur 
tissues.  These  products  find  their  way,  either  by  the  veins  or  by  the 
lymphatics,  back  to  the  heart,  and  thence  to  the  lungs,  skin  and 
kidneys.  In  all  probability  the  veins  are  quite  as  much  the  soil- 
pipes  of  the  tissues  as  the  lymphatics.  To  describe  in  all  parts  of  the 
body  a  constant  circulation  of  lymph  transuding  from  the  capillaries 
and  returning  by  the  lymphatics,  is  more  tlian  is  justiHed  by  our 
present  knowledge.  In  the  dog,  at  any  rate,  we  know  that  during 
rest  there  is  no  flow  at  all  from  the  lymphatics  of  the  limbs.  The 
lymphatics  seem  to  perform  most  of  their  work  during  active  exercise, 
or  in  oUier  local  emergencies. 

Lymph  varies  both  in  amount  and  in  composition.  The  two  factors 
which  are  mainly  operative  in  determining  these  are — (1)  the  excess  of 
the  pressure  within  the  capillaries  over  that  in  the  tissues  immediately 
around  them ;  and  (2)  the  special  properties  of  the  cells  of  the 
capillary  walls. 

1.  The  capillary  pressure  is,  in  general  terms,  a  sort  of  resultant 
between  the  arterial  and  venous  pressure.  It  usually  follows  most 
closely  that  in  the  veins.  If  cither  the  arterial  or  the  venous  pressure 
rise  or  fall,  while  the  corresponding  venous  or  arterial  pressure  remains 
cwmta/ti,  the  capillary  pressure  will  rise  or  fall  too,  as  the  case  may  be. 
If,  however,  one  of  them,  either  the  arterial  or  the  venous  pressure, 
rise  or  fall  while  the  other  moves  in  a  contrar//  direction,  the  resulting 
capillar)'  pressure  may  rise,  remain  constimt,  or  fall.  L'nder  such 
circumstances  the  capillary  pressure  is  difficult  to  estimate,  for  there 
is  no  method  of  direct  measurement  Most  often,  as  has  been  said,  it 
follows  that  in  the  veins.  A  statement  regarding  the  arterial  pressure 
alone  is  rarely  a  »ife  guide  to  that  in  the  capillaries,  partly  for  the 
reiison  just  stated,  and  fiartly  because  the  arterioles  may  inter|M>se  an 
additional  indeterminnblc  factor. 

2.  The  influence  exercised  by  the  capillary  walla  upon  tlie  pro- 
duction of  lymph  has  been  supposed  by  Heidenhain  and  others  to  be 
of  the  nature  of  an  active  secretory  process,  but  by  many  it  is  still 
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regarded  as  a  passive  factor,  the  etHejicy  of  which  depends  only  on  the 
elficient  nutrition  of  tlie  ve&sel-wnlls.  According  to  this  second  view, 
a  vessel-wall  is  said  to  be  mure  or  less  "  permeable  "  in  pro|Kjrtioii 
to  (I)  the  rca<liness  with  which  it  allows  fluid  to  tmnsudc  (sensitiveness 
to  pressure);  and  (ii)  the  resemblance  which  the  trannuded  Huid  bears 
to  the  plasma  of  the  blood.  Thus,  so  long  as  the  pressure  remains 
constant,  the  prnnenbiiittf  of  the  rapiHariet  is  the  measure  of  Iwth  the 
amount  and  the  com|x>sition  of  the  lyniph.  For  exam])te,  the  capil- 
laries of  the  liver  are  said  to  be  mure  f>ennettble  than  th(»se  of  the 
intestine,  and  those  of  the  intestine  than  those  of  the  limbs.  By 
this  is  meant  that  a  similnr  increase  of  pressure  induced  in  each  case 
will  not  be  followed  l»y  ft  similar  result,  but  tlmt  there  will  l>c  a 
nuirked  increase  of  the  lymph-How  fnmi  the  liver,  a  less  increase  from 
the  intcatineSf  and  the  smallest  increase  of  all  from  the  limbs.;  aud 
that  in  any  ease  the  lymph  from  the  liver  will  contain  more  proteid 
mutter  than  that  fnmi  the  intestines,  and  that  fron»  the  inlcstinm 
mure  than  tlmt  from  the  lind>s.  The  saline  constituents  arc  the  same 
In  all  cjiscs,  imd  curres|x)nd  in  amount  to  tliat  found  in  the  bloud- 
plaama.  It  U  well-known  that  ascitic  Huid  contains  more  albumin  than 
<rdematouH  Huid  from  the  logs,  and  that  this  is  so  under  all  conditions, 
and  does  not  depend  on  the  disease  prtHlucing  the  dro|>sy.  Damage — 
such  as  dipping  a  limb  into  very  hot  water — increases  the  permeability 
of  tltc  ca])il)aries,  and  therefore  both  the  amount  of  Huid  transuded  and 
the  resemblance  wliich  it  bears  to  bloud-plasma.  It  is  prol>able  that  a 
somewhat  similar  but  less  pronounced  rliangc  may  be  caused  by  gradual 
alterations  in  nutrition,  due  to  the  circulation  of  defective  or  vitiated 
bloTKi,  and  that  increased  friction  and  greater  permeability  may  result. 
Ilcidrnhain  found  that  by  intnwhicing  certain  substances  into  the 
blood  he  could  pHxiuec  an  increase  in  the  How  t»f  lyniph.  These 
ttubstances  he  called  "  lymphagogues  "  believing  that  they  in  some 
way  stimulated  the  supposed  secretory  [jower  of  the  capillary 
walls.  Starling*  hat*,  however,  by  very  ingeniously  contrived  experi- 
ments, shown  that,  in  the  case  «f  dextrose,  the  first  effect  of  its 
introduction  is  to  cause  a  reabsorption  of  Huid  into  the  vcjisels,  iind 
a  cunsc<|uent  increase  in  the  total  quantity  of  Huid  they  contain.  This, 
In  Its  turn,  produces  a  rise  in  tlie  venous,  and  therefore  in  the  capillary 
pressure;  and  to  this  increased  pressure,  rather  than  to  any  special 
secretory  proccM,  he  attributes  the  additional  lymph-How.  Starling 
further  alwws  that  if  an   amount  of  blood   equal   to   the   expected 
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mbsorptioii — mused  by  the  inlrcxltirtiou  of  llie  dextrose — be  previously 
withdrawn,  iki  increase  in  tlir  total  nmoiint  of  blood,  no  rise  of  the 
venoiis  pressure,  and  no  nd<lition  to  the  nrdinary  lyniph-flow,  will 
occur.  It  seems  therefore  that  pcnneahiHtt^  should  still  be  refjartled 
Rs  the  possession  of  a  special  power  of  retention  rather  than  as  au 
active  secretory  process. 

By  dropsy  is  meant  the  retention  of  lymph,  either  in  connective- 
tissue  spaces  or  in  ser»)us  cavities,  though  by  some  it  is  used  only  with 
reference  to  the  serous  cavities.  The  terra  cedema  is  limited  to 
dropsy  of  the  connective-tissue  sjwccs,  while  anasarca  means  uederaa 
of  the  subcutaneous  tissue.  Thus  we  speak  of  '•  general  dropsy/' 
"  (edema  of  the  lungs."  *•  anasarca  of  the  legs." 

It  is  tolerably  certain  that  the  causes  of  increased  lymph-flow  are 
also  the  causes  of  dropsy.  It  is  quite  certain  that  the  most  marked 
exrtntj)l('^   of    drnpsy   arc.    in     practice,   associated    with    enormoiia 

crease  in  venous  pressure  acting  over  a  long  period.     Among 

ese,  IfKal  ohsiriwtion  to  the  return  of  venous  blooi]  plays  the  chief 
»rt.  This  may  Ik?  caused  by  the  pressure  of  cicatricial  tissue^  or  a 
tumour,  or  by  thron»lM)sis.  Iniiffivit-nl  atiion  nj  Ihe  heart,  such  as  that 
occurring  in  late  stages  of  valvular  disease,  causes  a  fall  in  arterial 
but  a  rise  in  venous  pressure,  with  a  consequent  slouing  of  the 
circulation.  As  the  veins  become  distended  their  valves  become 
incompetent,  and  the  action  of  gravity  on  tlie  enlarged  blood-colunin 
adds  cnonnously  to  the  pressure  in  the  capillaries  of  the  legs,  and  thus 
produces  anasarca.  A  slighter  form  of  cedema  of  the  legs,  in  women 
hose  occupation  involves  much  stiuiding,  is  due  to  tlie  combined 
uence  of  constiimtion,  garters,  and  gravity.      In  all  these  cases  the 

echanical  congestion  may  not  iniprol)ably  increase  the  /trrmeabiiUu 
the  capillary  walls.  The  certainly  that  the  increased  venous 
pre<isure  is  the  cause  of  the  dropsy,  rests  mainly  on  the  corLstancy 
«ilh  which  the  dropsy  disappears  when  the  increase  in  pressure  is 

moved.  Increased  arterial  pressure  is  sometimes  credited  with  the 
uction  of  dropsy,  but  it  is  uncertain  whether,  in  the  absence  of 

creased  venous  pressure,  it  is  a  sufficient  cause.     In  that  form  of 

runic  Bright's  disease,  known  as  granular  kidney,  there  is  a  marked 
reasc    in   the   arterial    pressure,  but   no   tedeuia    until  the  heart's 

tion   begins  to  fail,  and    the   venous   pressure   consequently  rises. 

ssibly  in  such  conditions  the  contracted  arterioles  may  partially 
neutralise  the  effect  and  act  as  a  guard  to  the  tapilUiries.      An  experi- 

ent  of  HeidcnhaJn's  shows  how  fallacious  it   is  to  trust  to  arterial 
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pressure  as  n  i^ide  to  thnt  in  the  capillnrirv  My  ohstTuctfiip  thr 
thoracic  aortu  this  observer  enormously  reduced  the  nrterial  pre.ssurr. 
Notwithstnndinjj  tJiis  r<fliicti«m.  hr  tVniiul  th/it  the  eombihi-<l  lymph- 
flow  from  the  intestines  and  liver  together  showed  no  projnirtionul 
fall,  though  the  lymph  obtained  included  an  appreciably  larger 
amount  of  proteids.  Heidenhain's  inference  was  tliat  no  pnH*r&s  of 
mere  tissue-nitmtion  eould  )ios*<ibly  explain  the  result.  Starling  re- 
|)oated  this  experiment,  but  took  the  precaution  of  measuring  the 
pressures  in  the  portal  vein  and  in  the  inferior  vena  cava,  as  well  as  in 
the  femornl  tirtcry.  He  found  thai  the  enormous  fall  in  the  arterial 
pressure  was  accompanied  by  a  considerable  tfntft  in  that  in  the  |Kirtal 
vein,  but  by  a  distinct  me  in  that  in  the  inferior  vena  cava  ;  fto  that, 
though  the  pressure  in  the  intestinid  capillaries  was  almost  ttil^  the 
pressure  in  those  of  the  liver  was  pn)l>ubly  increased.  He  further 
.showed  tliat  the  How  of  lymph  from  the  intestines  ceased,  while  tlial 
from  the  liver  (nomially  the  more  conccntrateti)  continued,  as  might 
have  been  inferred  (Vfun  the  pressure  conditions.  In  this  way  the 
changes  in  eapillnry  pressure  were  found  to  explain  the  alterations  in 
Ixith  the  tpiaiitity  and  character  of  the  ])'m]>h. 

The  second  i^cat  elas«  of  dnjpsii-s  arc  thi>sc  associated  with 
inflammation  of  the  kidneys  and  dctictcnt  urinary  secretion.  In 
these  cajEcs  there  is  no  a<;certjiined  increase  of  venous  pressure.  It  is 
true  that  the  pressure  in  the  arteries  is  often  raised,  but  the  rise  bears 
no  uniform  relation  to  the  oedema.  It  has  l)een  suggested  tliat  tn 
these  cases  there  are  sulwtancrs  circulating  in  the  blood,  acting  like 
the  exjierimcntally  injected  dextrose,  and  that  these  substances 
produce  a  condition  of  plethoric  hydncmia  and  a  consequent  general 
rise  of  b!oo<l  pressun.%  followed  by  (rdema.  Against  this  view  it  may 
l)c  urged  Uial  in  the  experiment  referred  to,  the  increased  flow  aifects 
only  the  abdominal  viscera,  whereas  the  tedema  in  Bright's  disease  is 
distributed  over  all  the  louse  tissues  on  the  surface  of  the  t>ody.  We 
know,  however,  practically,  that  improvement  in  tiie  quality  of  the 
blood  is  followed  by  diminution  in  the  amount  of  u-dcma. 

In  cardiac  failure  there  must  be  some  hindrance  to  the  exit  of 
lymjdi  from  the  thoracic  duct,  and  this  may  be  an  adjunct  in  dropsy 
clue  to  cardiac  causes.  L<K-al  pressure  on  Uie  lymphatics  doe^  not 
UMually  produce  (I'dema,  though  the  occasional  presence  of  chyle  in 
the  urine,  or  in  the  pleural  or  peritoneal  cavities,  is  generally  attributed 
to  blocking  of  the  n'spcctive  lymphaties  by  growths  or  parasites,  or  to 
rupture  of  tltc  thoracic  duct  or  rcceptaculum  ehyli. 
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In  anemia,  iieuraljrirt.  exophthalmic  poitre,  tumours  of  the  spinal 
cord,  and  other  diseases^  slight  degrees  of  cedema  arc  occasionally  met 
with.  Section  of  the  spinal  cord  produces  vaso-constrictor  paralysis, 
and  tumours  probably  act  in  a  similar  maniirr.  In  the  other  cases 
vajw-motor  derangements  are  common,  and  though  their  cause  is  less 
definitely  ascertained,  paralysis  of  vaso-constrictor,  or  direct  action 
of  vaso-dilator  nerves  is  probjible,  and  would  furnish  a  sufficient  cause. 
Experimental  antrmia  gives  rise  to  no  increased  lymph  How,  but  it 
docs  not  follow  that  defective  blof>d  acting  over  a  long  |K'riod  might 
not  increase  the  pcnneability  of  tlie  capillaries.  Ex(>eriments  on  the 
spinal  cord,  and  on  the  splanchnic  and  vagus  nerves  have  hitherto 
failed  ti»  atlVird  satisfactor\'  evidence  of  the  existence  of  any  nervous 
cause  of  crderoa  npattjrom  vaso-motor  changes. 

THROMBOSIS. 

ThromboslB  is  the  coagulation  oi  the  blood  within  the  vessels 
during  life.  'I'hr  j)roduct  is  Cidled  a  thrombuB,  in  opposition  to  a 
coag^um  or  clot — the  result  of  post-mortem  coagulation.  Throm- 
bosis may  occur  in  tlie  heart,  arteries,  capillaries  or  veins.  It  is  iii  the 
iHtifts  tliat  it  most  freipicntly  occurs. 


CAUSATION. — Throm1)OHis  is  generally  said  to  be  due  to  one  or 
more  nf  three  causes  :  damage  or  absence  of  the  lining  of  the  vessel- 
walls,  retardation  of  the  blood-stream,  and  changes  in  the  blootl  itselt 
increasing  its  coagulability.  These  causes  we  shall  now  proceed  to 
discuss. 

1.  Damage  or  absence  of  the  lining  of  the  vesiel-waU. — Tlie 
most  striking  jioints  are,  fi^'^t,  that  blood,  circulating  in  living  vessels, 
remains  fluid,  while  blood  drawn  from  the  body  coagulates;  and 
secondly,  that  when  coagulation  of  circulating  blood  occurs,  it  is 
usually  u|»on  some  obviously  diseased  surface,  or  in  some  place  where 
the  blood-stream  has  been  much  retarded.  From  these  facts  it  has 
been  inferred  tJiat  the  healthy  vessel-wall  exercises  an  inhibitory 
influence  upon  the  coagulation  of  the  blood,  preventing  the  changes 
(whatever  they  may  be)  which  lend  to  the  formation  of  fibrin.  It  is 
probably  more  correct  to  say,  with  Lister,  that  bloixl  within  norma) 
vessels  dues  not  tend  to  coagulate^  tlie  vessel-wall  being,  so  to  speak, 
neutral  or  passive  so  long  as  it  is  living  and  healthy.  In  this  light  the 
noniuil  \cs.scl-wall  may  be  comparetl  to  greasy  anil  viscous  substances, 
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like  VAsrlinc,  pArntfin  hiuI  cnstor  oil.  in  which  blood  may  long  be  kept 
riuid,  and  yet  l>e  ready  to  coagulate  nonnally  as  soon  as  it  is  bruu^ht 
into  contact  with  solid  matter.  Contact  with  ordinary  soHd  matter,  on 
the  other  hand^  induces  coagulation  more  or  less  quickly.  When 
drawn  into  a  basin,  blood  usually  clots  in  from  three  to  eight  minutes, 
but  Lister  saw  blooil  remain  fluid  for  a  long  time  in  the  angle  between 
an  amputated  sheep's  fuut  and  the  skin  raised  in  a  Hap  from  it.  More- 
over, extravasations  al>oiit  simple  fractures  and  into  the  cavities  of  the 
l)ody  are  often  long  in  cnngtdnting,  thmigh  they  vaiy  much  in  thi*^ 
respect,  (.'ongiilntion  occurs  more  rapidly  on  n  rough  surface  than  on 
a  smooth  surface. 

Although  the  integrity  of  the  wstrl-waU  has  been  s|)oken  tif,  the 
integrity  of  the  mdt>thrliuM  is  aUmc  necessary.  Fatly  and  calcareouti 
changes  of  the  dce|H»r  structures  do  not  cause  thrombosis,  whilst 
nthcrnmatouif  ulcers,  fon'ign  txxlies,  and  mxlules  of  new  growths — all 
bnre  of  endothelium — may ;  moreover,  severe  injury  of  capillaries, 
which  possess  only  endothelium,  caiues  thrombositi  in  them.  It  may 
thereff»re  l>e  concluded  that  damtige  r>r  absence  of  the  vascular 
endothelium  is  kd  essential  condition  in  the  production  of  thrombosis. 
This  damage  or  absence,  as  already  stated^  may  be  due  to  many 
causes. 

1.  Znjnri^M  maif  Jrsirot/ or  ittjurr  l/ir  cndiUhe/ium.  Among  the  motit 
important  o\  thcM*  are  M-ction.  rupture,  ligature,  and  torsi<jn  uf  ves^rls. 
In  aeeUon  and  rupture,  thrombosis  starts  from  the  damaged  intiina  and 
constitutes  the  means  by  which  hirmnrrhagc  is  natundly  and 
temporarily  arrested.  By  ligature,  torsion  and  other  o|K'nittve 
proceedings  surgeons  can  also  temporarily  arrest  hieniorrlmgc  which 
the  natural  processf*?i  arc  insufficirnt  to  stop.  Cauteries  and  caubtics 
furnish  otlier  examples  of  the  r(fcct  of  injur)*  in  prmlucing  thrumbosiK. 

:2.  Diseases  of  thr  vrssrl-tmilM  rmii^  «//»*''/  f^'*"  fwittihrlium.  Thus 
thronibusib  juay  iwcur  on  atheromatous  ulcers,  bare  calcareous  plates,  or 
an  intima  damaged  by  syphilitic  inflammation,  or  by  the  extension  of 
spreading  infltimnuitiniis  frrmi  other  jiarts.  Inflammation  was  formerly 
regarded  as  the  main,  if  not  the  only,  cause  of  thrombosis;  hence 
tlirombui&is  in  veins  is  frequently  tem\ed  "  phleltitis  "  even  ttt  tlie 
present  day.  Inflammation  of  veins  is  rare  as  a  primaiy  condition,  but 
it  may  l>e  due  to  extension  of  inHammation  from  neighbouring  tissues, 
and  not  infrccpjently  rcsuttt  Jtvw  the  formation  of  a  thrombus. 

The  thrombosis  which  occurs  as  an  occasional  complication  of  acute 
specific  fevers  is  explained  by  the  ubsenation  of  Ponfiek  that  in  these 
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desquamation  of  endothelium  may  occur  over  Urge  area&  of 


*ssels. 


ftt  the  hearij  inflammatinn  of  the  eodocardSum  causes  destruction  of 
its  endothelium,  followed  by  the  growth  of  (granulation-tissue  on  the 
opposed  surfaces  of  the  >'alvc9  :  thrombosis  frequently  occurs  upon  these 
vegetations  (see  "  Kndocarditis  "). 


Fig.  9f.~Sect>oo  of  a  thrombosed  popliteal  artef7,  a  fortni^t  after 
ligfttiire.  iKowing  penisleDoe  of  almott  the  whole  of  ihe  intima. 
Tbe  thrombiu  has  been  torn  book  the  voKl-mlL    (MotL ) 

3.  Imperfect  blood  lapply  of  a  part,  causing  duaur   of  the 
^Mtf'ttHtlU   bg  imftrrfed  nmiriiion.      Here   slowing   of  the   circulation 

ts  the  indirect,  and   deficient  vascular  ftupply  the  immediate  cause. 

It  is   probably  not  a  very  important  group,  as  there  are  reasons  for 

ipposing  the   nutrition  of  the   vessel-wall  depends  on  the  circula- 

iou  in  the  vasa  vasorum,  and   not   on    that   in    the   affected   vessel 

[Fig.  {H ;  sec  "  Inflammation  of  Arteries  "),  and  there  is  no  necessaiy 

■lationship    l>ctweeii    these    two    purtions    of   the    circulation.     Tills 

Luse  is  chicHy  operative  in  the  case  of  the  smallest  vessels.     The 

iditions  affecting  the  blood-supply  will  be  considered  in  a  subtc- 

'quent  section. 

4.  Thr  presence  in  the  vwicular  systcta  of  substances  not  covered  bjf 
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ntdolkehum.  These  comprise  such  things  as  needles,  horsehAJr,  or 
wire  introduced  into  the  sac  of  an  aneurysm;  pre-existing  clots 
(thrombi  or  emboli);  pwrasitcs  which  have  penetrated  the  vessels  ;  and 
new  ^(Towths  whidi  project  into  the  interior  of  veins.  In  all  these 
institnces  tJie  clotting  tirst  takes  place  upon  tlie  foreign  subst«ncc 
itself. 

II.  Retardation  of  the  blood-stream.— Sometimes  ahnonnality 
of  surface  is  insulficitnt  to  cause  extensive  clotting,  until  rctnrdntion  of 
the  blood-stream  is  added.  For  example,  in  the  aorta  we  sometimes 
find  calcareous  plates  uncovered  by  endothelium,  but  with  little  or  no 
adherent  fibrin.  In  aneurysms,  ti>o,  the  wall  is  always  abnormal  and 
the  circulation  Bomewhat  rctanled  ;  but  sufficient  clotting  to  effect  a 
cure  may  not  occur  until,  by  trcfttment,  wc  still  further  re<lnce  the 
current,  and  thus  pntlong  thr  contact  of  the  blood  uith  the  abnormal 
surface. 

On  the  other  hand,  retardation,  or  even  arrest,  seems  (juite  unable 
by  itself  to  produce  thrombosis.  So  long  as  the  endothelium  is  kept 
fairly  nourished  within  the  vessel,  the  stagnant  bUxKl  will  not  coagn- 
late.  nitMK)  within  a  tird-otf  turtle's  heart  does  not  coagulate  until  the 
heart  dies.  The  time  preceding  the  occurrence  of  coagulation  in  the 
Jugidar  vein  of  n  mammal  is  longer  in  projMirtion  to  the  caw  exercised 
In  Irtying  it  tiAro  And  applying  the  ligatures  ;  and  if  this  o)>erat)on  be 
dnnr  nntiscpticnUy,  coiigulation  may  not  occur  nt  nil. 

How  ore  tiic^e  very  different  rc*«ults  to  be  exphiined?  Impuirrd 
circulation  in  a  part  means  damage  to  all  the  tissues  supplied — to  Uic 
vascular  cmlnt helium  among  others.  It  is  of  course  )K>ssibIr  that 
diminishing  the  ra)»idity  of  the  blood-stream  may  have  no  other  influ* 
mce  than  that  which  it  exerts  in  this  direction.  There  are,  howrvcTj 
reasons  for  assigning  to  it  a  more  direct  action.  All  )>arts  of  a  stream 
flowing  through  a  tube  do  not  proceed  «t  the  same  rate.  The  central 
or  axial  jwrt  of  the  stream  invariably  travels  faster  than  the  peripheral 
or  periaxial,  for  it  is  exposed  to  less  friction.  If  solid  particles  be 
suspended  in  sucli  a  fluid,  those  with  a  s|>eeific  gravity  must  closely 
approaching  thut  of  the  fluid  will  move  most  mpidly,  and  nmintain 
their  ]w»sition  in  the  axial  stream  most  easily.  If  the  rale  of  flow  be 
diminished,  the  tendency  of  the  suspended  particles  to  remain  in  the 
axial  stream  will  also  diminish,  and  this  will  be  in  proportion  to  the 
difference  between  their  respective  specific  gravities  and  tliat  of  the 
fluid  in  which  they  are  suspended. 

In  most  arteries  and  in  many  veins  the  periaxial  stream  t*ont«insonly 
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plasma  and  a  few  leucocytes.     But  directly  the  stream  slackens,  the 

ucocytes  fall  out  more  rapidly  than  ever  and  lag  beliind  close  to  the 

ISj  while  even  the  red  corpuscles  maintain  less  perfectly  their  axial 

ticm.     The  blood-platelets  (blood-plates,  ha?matoblast(«)  generally 

occupy  the  axial  stream,  but  fall  out  soon  after,  and  from  the  same 

cause  as  Uie  leucocytes.     Now  whether  we  attribute  to  the  leucocytes 

to  the  platelets  the  chief  function  in  the  production  of  the  throm- 

s  (p.  22JI),  it  is  quite  eWdent  that,  thouj^h  the  lining  membrane  of 

e  vessel  be  diseased,  yet   the  increased  friction   thereby  produced 

y  be  insufficient  to  cause  any  practical  slowing  of  the  bl<M>d-stream 

that  point,  and  insutiicient   therefore  to  bring  either  platelets  or 

ucocytes  into  contact  with  the  damaged  part  of  the  wall.     In  this 

way  wc  may  have  an  abnormal  endothelial  lining  without  any  resulting 

hrombosis. 

On  the  other  hand,  when  the  current  is  slow,  as  in  the  veins,  the 
eueocytes  and  platelets  will  readily  come  into  contact  with  the  sides 
of  the  vessel  aiid  may  produce  clotting,  even  though  the  damage  to  the 
vessel-wall  be  comparatively  slight  In  this  way  we  find  that  neither 
damage  to  the  endothelium  nor  slowing  of  the  circulation  need  be 
followed  by  thrombosis ;  and  that  the  former  is  the  more  important 
cause  of  the  two,  because  there  are  many  places  where  the  blood-stream 
naturally  bIow. 

A  tendency  to  stagnation  of  bloo<l  may  be  due  to  many  causes,  of 
Which  the  most  important  are  cardiac  weakness,  general  diminution  of 
vascular  tonus,  and  dilatation  (varix)  of  veins.  All  these  ma^-  well  be 
combined  in  a  single  case  to  retard  the  circulation,  and  thus  to  produce 
abnonnal  vessel-wall  and  prolotjged  contact  of  the  same  blood  with 
They  are  the  conditions  which  give  rise  to  the  "marasmic  clots" 
of  Virchow.  These  fonn  in  ihv  most  tivpendent  veins — e.g.,  those  of  the 
wer  limb,  |)elvis,  <ir  back;  ih  t/te  cerebmi  t^einx  and  xiniues,  where  the 
nous  circuUtion  is  ordinarily  very  slow  and  difficult ;  and  in  those 
^Mtriji  of  the  heart  in  which  blood  tends  to  remain  when  the  organ  first 
fails  to  contract  eHiciently — eg.,  the  auricular  appendices,  the  apices 
of  the  ventricles,  and  the  spaces  between  the  trabeculie.  In  veins 
these  clots  begin  just  behind  the  fiajw  of  valves.  The  force  of  the 
nous  current  is  s<i  slight,  or  the  resistance  to  it  so  great,  that  it  no 
longer  o|H*ns  the  valves  completely  ;  the  blood  coi»scquently  stagnates, 
jd,  after  a  time,  ctmgulates  tn^hind  the  cusps.  Such  clots  occur  in 
e  course  of  many  exhausting  diseases — as  phthisis  and  cancer — in 
which  thrombosis  is  materially  facilitated  by  the  quiescent  state  of  the 
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patient     C/ireful  exaniinatinn  nf  the  sites  of  recent  thmnibi  is  said  to 
have  demonstrated  alwence  of  endothelium,  but  this  is  hardly  proof  | 
that  alteration  of  the  endothelium  was  the  cause  of  the  thmmbosis,  for 
the  cells  nmy  have  dii«p|)earcd  sccondArily. 

In  varieiKie  veins^  which  are  frequently  the  seats  of  thromlwsis,  tlir 
circulation  is  extremely  slow,  and  the  endothelium^  owing  to  impenTect 
nutrition,  can  scarcely  ever  l>e  healthy,  though  it  is  not  always  ho 
damagcil  as  so  excite  coagulation. 

III.  Certain  conditions  of  the  blood  favour  coagiilation  und 
promote  the  urcurrence  uf  thnmibosis.  It  is  said  tliat  the  tendenry  to 
coagulation  is  increased  during  the  later  months  of  pregnancy,  after 
profuse  hu'Miorrhiige,  and  in  eerbiin  acute  inflamnuitor)'  iliHeaftesi.  such 
Aft  acute  rheumatism,  erysi|>ela.s,  pneumonia  and  pleurisy.  To  whatever 
aui«te  it  may  be  due,  an  increjised  tendency  of  the  IiIcmkI  to  eoaguUte 
it  probably  never  more  than  a  predis]><>sing  cause  of  thrombosis.  In 
septic  fevers,  thn>nil>osis  is  nut  uncommon  in  places  having  no  dirret 
relation  to  a  wound.  This  has  been  attributed  to  the  breaking  up  of 
Icucocytea  in  large  nund>ers ;  for  it  has  b<'en  shown  that  injection  of 
leucocytes  into  the  circulation  of  animals  is  followed  by  their  rapid 
difiintegration  and  local  or  even  general  thrombosis.  In  all  thcAe 
diseases  a  failing  heart  and  flagging  eireulation^tlie  causes  of  onlinary 
marasmic  clotting — are  present.  Perhaps  desquamation  of  endoUielium 
(p.  !224)  occurs;  and  it  is  |)os.sible  that  organisms  may  play  a  (tart  in 
the  process.  Tl)e  presence  of  organisms  seems  p^irticularly  likely  in 
those  fmpient  cases  of  venous  throndK»sis,  ofVen  going  on  to  purifonu 
softening  and  secondary  phlebitis,  which  m^-ur  side  by  side  witli 
crysipclaM.  and  pyicmia,  and  which  have  gained  for  **  phlebitis  *'  a  place 
amongst  "  hospital  "  diseases. 

It  is  well  known  that  the  presence  of  calcium  salts  is  essential  to  the 
coagulation  of  the  blitod,  while  the  addition  of  oxalates  will  neutralise 
the  effect  of  their  presence  and  prevent  oongnlation.  So  also,  among 
the  products  of  cell-action,  substances  allied  to  nuclein  aidcoagulatiou« 
while  albumiMes  hinder  it.  We  do  not  yet  know  the  bearing  of  these 
farts  upon  the  phenomeiui  of  thromlxisi.s. 


CHARACTERS  OP  CI.OTS  AND  THROMBI.-Poat- 
BOrtem  comi^ula  m  the  heart  arc  gencPHlly  f'ufy.  The  thick 
ness  of  the  {Kile  layer  varies  directly  with  the  time  which  ela|)9es 
before  the  changes  in  the  heart-sul»stance  allow  coagnlntion  tn  l>egin  ; 
while  its  |)osition  indicates  the  part  that  was  up|>ennust  alter  death. 
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Post-mortem  clots  are  red,  soft,  watery  and  never  adherent  They 
do  not  Jill  the  vessels,  and  can  be  easily  drawn  out  of  them  as  long 
strings. 

Clots  formed  in  the  heart  just  before  death  differ  somewhat 
from  Uie  preceding.  Tlity  are  |KU't]y  due  to  the  *' whipping  "  of  the 
blood  by  the  cliordie  tendinea-  and  other  structures.  They  occur  in 
cases  of  slow  death,  when  the  heart  is  too  weak  to  empty  its  cavities, 
and  the  blood  tends  to  stagnate.  As  would  be  expected,  they  are 
more  or  less  uniformly  decolorised,  and,  though  not  adherent,  are  often 
so  much  enUmglcd  among  the  clionlie  and  Irabeculae,  that  they 
caimot  readily  be  removed.  From  their  longer  duration  anil  more 
complete  contraction,  they  are  firmer  and  tougher  than  true  post- 
mortem clots. 

Thrombi  or  ante-mortem  clots  are  of  two  kinds — r^A  and 
white,  according  as  they  originate  from  qHicxcnil  or  arcttlaling  l>l<M)d. 
In  the  former  case,  as  seen  in  an  artery  or  vein  after  ligature,  more 
or  less  of  the  stagnant  blood  on  either  side  of  the  knot  coagulates 
into  an  ortlinary  red  clot — soft,  uniform  on  section,  and  adherent  to 
the  vessel-wall  where  this  is  injured.  The  thrombus,  still  adhering  to 
the  wall,  then  contracts,  becomes  drier  and  less  elastic,  but  still 
remains  red.  This  is  the  state  in  which  a  red  thrombus  is  generally 
found. 

But,  when  coagulation  occurs  in  bl(K>d  nhich  ix  still  nrtuh/iitg,  as  in 
the  sac  of  an  aneurysm  or  on  a  cardiac  vegetation,  a  white  or  mixed 
thrombus  results.  Zahn  studied  the  formation  of  such  clots  in  small 
veins,  irritated  by  a  small  crystal  of  salt  in  their  neighbourh<K>d. 
According  to  this  obser\'er,  the  abnormal  surface  causes  each  successive 
quantity  of  blocHl  which  pfisses  to  leave  upon  it  a  little  fibrin  and  some 
leucocytes;  whilst,  if  the  blood-stream  is  languid,  some  red  corpuscles 
remain  in  the  thrombus,  rendering  it  mixed.  But  later  obsen'ers  have 
shown  tlwit  innuiiicruble  bloo<l-pl  ate  lets  and  not  leucocytes  are 
de|Xfsited  U|x»n  a  thread  [Missed  through  a  vessel,  and  also,  in  the 
ease  of  a  severed  artery,  u}>on  the  advcntitia  within  which  the  cut 
vessel  has  retracted.  Mi»reover,  an  eNaniination  of  old  clots  in 
aneurysms  has  convinced  Osier  that  they,  too,  consist  of  platelets, 
and  he,  consequently,  regards  leucocytes  as  of  little  importance  tn 
the  formatirm  of  thrombi  (p.  ii^7).  These  thrombi  are  greifish-nhite 
or  rfildishf  Jlrmlt/  adhcrvitt  to  the  teall,  ami  it  is  jK'vuliur  to  thtv/i  that  tltcy 
an  ojlcn  xtratijied.  This  is  probably  due  to  variations  in  the  rate  of 
de|KisiUon  of  the  fibrin,  in  the  blood-pressure  to  which  it  is  subjected, 
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and  in  other  physical  cotidiUons. 
«ltcnwte. 

A  thrombas  may  be  "  parietAi 
eomplete  occlusion  of  the  vessel. 

Urm  of  more  iibrin  on  its  surface. 


Frequently  white  and  reddish  Laycim 


r«flmH 


or  "  obstructive/*  causing  paxtia]  or 
Once  formed,  it  extends  by  depoai- 
As  n.  rule,  this  extension  is  checked 
by  the  rapidity  of  the  blood-current  at  the  junction  of  the  first  Urge 
collateral  branch  in  each  direction ;  but  sometiiues,  especially  in  veins, 
thrombosis  becomes  "  continued,"  and  a  clot  may  extend  from  the  foot 
to  the  vena  cava.  Both  in  arteries  and  veins,  extension  is  most  likely 
to  take  place  toward  the  heart,  thouj^h  it  may  occur  in  aii  opponte 
direction.     These    thrombi  generally  adhere  to  the  wall   tbroughottt 


a.  New  blood-vescU.     #.   Lcucocyta    and   anastomosing   oeUa. 
mmdAeuchf 

their  whole  lengthy  but  sometimes  they  do  so  only  at  their  points  ol 
origin. 

In  the  capillaries^  coagulation  occurs  only  as  a  result  of  necrosis  or 
grave  injury  of  the  capillary-walls;  for  they  are  so  small  that,  «o  long 
as  they  mv  living,  their  influence  in  preventing  clotting  will  act  upon 
the  whole  of  the  contained  blood  (Lister);  and  consequently  thrt^mbosis 
docs  not  extend  into  them  so  long  a;*  there  is  sufficient  bloud-supply  to 
keep  them  alive, 

I^TER    CHANGHS    XN    THROMBI.-Tliese    a«  .-de- 

colorisation  (when  rrd)«  resolution,  organisntion,  calcification,  softenixtK 
(liniple  and  infective),  and  putrefaction. 

Decoloriaation.  — 'l*hc  first  change  in  a  red  thrombus  is  a  breaking- 
down  ut   the  red  corpuscles.     Their  stromata  l>ecome  unrecognisable. 
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and  the  haMiioglubiii  is  set  free  and  in  great  part  abuurbed,  though 
some  may  remain  as  granuhir  hsmatoidin.  As  a  result,  the  thrombus 
loses  its  deep  red  colour  and  acquires  a  finely  mottled  reddish-grey 
tint  The  process  begins  in  the  centre,  and  takes  weeks  or  months 
before  it  is  completed. 

Resolution. — That  many  thrombi  disappear  is  certain ;  for  when 
it  was  the  custom  for  venesection  to  be  performed  at  regular  intervals, 
the  repeated  bleedings  were  frequently  effected  from  the  same  vein. 
In  modern  times  also,  re-establishment  of  the  circulatiuu  is  known  to 
have  occurred  through  spermatic  veins  and  through  the  superficial 
veins  in  the  leg,  in  cases  where  thrombosis  hud  uudouhtedly  taken 
place.  The  htejjs  of  the  |)roccss  are  not  known.  In  some  cases  of 
death  from  septic  poisoning,  appearances  found  in  vessels  which  have 
been  tied  indicate  that  thrombi,  fonned  before  the  onset  of  the  fatal 
disease,  havr  broken  down. 

Organisation  has  been  mainly  studied  in  thrombi  forming  in 
ligatured  vessels.  The  effect  of  the  application  of  a  ligature  is  usually 
to  cut  through  the  middle  and  internal  coats  of  the  vessel ;  the  ends  of 
the  divided  coaLs  contract  and  retract  somewhat,  turning  up  and  down 
into  tJic  Uimen  of  the  vessel ;  and  the  constricted  external  coat  is  all 
that  is  left  in  the  grasp  of  the  noose.  In  a  few  hours  a  red  thrombus 
forms,  conical  in  shape,  and  adherent  by  its  base  to  the  inverted  inner 
and  midde  coats.  For  two  or  three  days  it  extends,  until  it  finally 
reaches  the  junction  of  the  first  collateral  branch — often,  for  some 
unknown  reason,  stopping  short  of  this  on  the  distal  side.  Meanwhile, 
it  haji  become  finuer,  drier,  and  more  widely  adherent  about  its  base 
to  the  artery.  The  area  of  adhesion  progresses,  as  the  thrombosed  piece 
of  vessel  contracts  ujNjti  the  clot,  until  it  becomes  universal.  By  the 
second  day  a  buffy  nodule  may  be  seen  in  the  base  of  the  deep  red 
thrtmibus,  and  this  rajndly  increases,  so  that  in  a  week  or  two  the 
colour  of  the  clot  has  disappeared.  After  some  weeks  or  months  this 
decolorised  plug  is  found  to  have  been  replaced  by  connective-tissue 
intimately  united  with  the  artery,  which  has  the  appearance  of  a  firm 
fibrous  conl.  The  microscope  gives  the  following  expliuiation  of  the 
process  : — The  red  thrombus  <*onsisls  of  red  corpuscles,  with  a  few 
white,  in  the  meshes  of  a  fibrin-coagulum.  The  buffy  nodule  which 
grows  into  the  liase  of  the  clot  is  formed  of  small  round  cells,  which 
at  first  are  undoubtedly  leucocytes  migrated  from  the  va.sa  vasorum 
injured  by  the  ligature.  But  there  is  a  difference  of  opinion  jls  to 
the  origin  of  those   formed  after  (say)  the  third  day.     By   this   tirac 
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the  cells  of  the  jwrt  have  recovered  from  the  injury  done  them  by  the 
woutkI  and  iignture.  It  has  been  maintained  that  tlie  new  celU  arc 
all  leucfKifies  or  their  progentf.  Senflleben  secured  between  double 
ligatures  pieces  of  vesselsj  and  put  them  into  the  ubdomens  of  rabbits 

—  an  experiment  which  is  practi- 
cally repeated  in  the  bits  of  vesseb 
which  lie  hryond  the  li^fature  in  all 
uheptic  stumps.  He  found  thai  they 
became  filled  with  connective-tissue 
containing  weU-develo])ed  B|)in<lle- 
cells.  It  is,  however,  by  no  means 
certain  tliat  these  ftpindlc-cells  were 
derived  from  leucocytes  (p.  103) ; 
and  even  if  they  were,  the  ability 
of  white  eorpuKcles  to  form  the 
new  tisNue  w<Mild  not  exclude  endo- 
thfliuni  from  also  doing  m>,  as  a 
regenerative  proce&s.  A  more 
probtible  explanation  is  that  the 
organising  tis*)Ui-  arise**  from  the  en- 
dothelium or  from  the  deeper  layers 
of  the  intima.  The  intima  iii  oflcu 
found  thickened  and  tJie  internal 
elastic  lamina  simultaneously  ob- 
scured or  broken  up.  Processes  can 
be  traced  from  the  lining  membrane 
displacing  the  original  clot  How- 
ever formed,  the  cell-mass  is  pene- 
trated by  blood-ve«seUj  which  fami 
as  in  granulation-tissue  (p^  III). 
The  cells  become  spindlc-shajH-d  or  branched  (Fig.  \}i^,  fibrillation 
appears  either  in  them  or  in  the  gnMind-substancc  between  them ; 
many  cells  disappear  a«  tlie  Hbrc<i  increase,  the  latter  contract,  and 
many  veAsels  are  obhterated,  llie  result  Inring — the  fibrous  cord  above 
mentioned.  This  is  called  organisation  of  a  thnjmbus;  but  it  b 
evident  that  the  original  thrnnibus  disappears  entirely,  and  has  nothing 
to  do  with  the  pnwess  which  goes  on  in  the  round-celled  niAwiy  the 
origin  of  which  we  liave  discussed.  The  vessel-wall  is  converted  Into 
Hbrouft  ti&sue,  and  blends  with  that  of  the  clot. 

In    certain   ca»c6,  channel!*  are   funned    in   tlie   new   tissue :    1 


Fig.   ^—LomjiitmJimtii  StttioH   ^  tk* 
UgAtmrtd  End  of  ike  CrmmlArttry  (y 

•/  fkt  Ji^fttrt.  Sliowintf  It"?  newly- 
formed  veUeU  in  the  thrombus  and 
ihrir   eommunioition   with    the  vau. 

Tk.  'rhronibtis.  A/.  Mus- 
X.  KktemaJ  coat  and  vasa 

X  aa     (O.  Weber.) 
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cumniunicate  both  ul>ove  and  below  with  the  luraea  of  the  vessel,  and 
tliiis  the  circulatitm  is  more  or  less  completely  re-established.  They 
lire  probably  due  to  dilatation  of  the  vessels  of  the  thrombus  (though 
why  this  should  occur  In  some  cases  and  not  in  others  is  unknown), 
and  give  rise  to  the  simtS'/Hie  degeneration  of  Itokitansky.  It  is  especially 
frequent  at  the  junction  of  the  common  iliac  veins  in  cases  of  "white 
lej;,"  and  leads  to  more  or  less  perfect  recovery.      It  is  rare  in  arteries. 

Organisation  is  most  frequent  in  uniform^  unstratified  thrombi,  and 
especially  in  those  occurring:;  in  arteries.  But  long  clots  of  this  kind, 
^ch  as  occur  after  ligature  of  the  lower  part  of  the  carotid,  as  well 

large  laminated  thrombi,  like  those  in  aneurysms,  may  remain  as 
more  or  less  granular  masses  of  non-irritant  fibrin,  without  any  sign 
of  org;inisHtion. 

Calcificatioii. — This  occurs  in  some  clots,  giving  rise  to  phleboliths. 
Thcso  arc  especially  common  in  the  prostatic  plexus. 

Softening. — 1.  Simple.  A  thrombus  which  undergoes  none  of 
the  previously  described  changes,  often  softens.  This,  in  the  majority 
of  cases,  is  due  to  the  chemical  changes  which  the  constituents  of  an 
aseptic  thrombus  undergo  when  no  organisation  occurs.  They  result 
in  the  formation  of  a  more  or  less  Huid,  (Ntppy  substance,  which  has  a 
reddish-grey  colour,  varying  with  that  of  tJie  thrombus  which  is  under- 
going the  change.  To  the  naked  eye  the  fluid  often  looks  like  pus, 
and  the  process  is  still  spoken  of  as  the  purifonn  soflcmng  of  a  clot. 
But  V'irchow  pointed  out  that  tlie  fluid  consistetl  of  the  debris  of 
corpuscles  and  fibrin — albuminous,  fatty,  and  pigmentary  granules. 
There  may  be  a  few  recognisable  white  corpuscles  in  it,  which  have 
probably  migrated  from  without.  In  cases  of  constriction  of  the 
mitrnl  orifice  of  the  heart,  with  consequent  ililatation  of  the  left 
auricle  and  slowing  of  the  circulation,  large  clots  undergoing  this 
change  may  be  found  in  the  auricles.  They  consist  of  Uttle  more 
than  b;igs  of  thick,  grumous  fluid.  The  outer  laminte  generally  form 
a  firm  case  fur  the  softened  central  part,  and  if  the  Mjftening  approach 
the  surface,  this  case  is  often  thickened  at  that  })oiiit  by  the  formation 
of  fresh  protective  clot.  Not  infrequently,  however,  the  encasing  clot 
may  be  perforated  and  the  contents  discharged  into  the  circulation. 
The  larger  particles  may  fonn  emboli  (p.  i^y"),  probably  too  minute  to 
cause  symptoms.  When  occurring  in  an  artery  or  vein,  circulation 
may  be  thus  re-established  tiirough  the  thrombus.  'I'his  process  con- 
stitutes canalisation  of  a  thrombus. 

•i.  Infective. — Hut  certain  cases  of  puiiform  softening,  Mniilarj  80 
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far  ns  the  naked  eye  eaii  detcet,  to  the  alxive,  are  accompanied  by  all 
the  symptoms  of  septic  poisoning.  Acute  suppurative  inflammation  of 
the  vein-wall  is  shown  by  the  microscope;  and  any  portions  of  the  clot 
which  enter  the  circulation  are  so  intensely  irritating  as  to  ca.(tse 
supfHimtion  wherever  they  lodge  (see  '*  P^Ttmia  and  SeptJca*mi« "). 
The  difference  between  the  two  cases  is  that,  in  the  latter  fonn  of 
Hoftcning,  micrococci  are  constantly  present,  and  it  is  to  them  that 
the  infective  properties  of  tlie  broken-down  clot  are  due.  In  the 
great  majority  of  these  eases  the  veins  affected  lead  directly  from 
a  wound,  and  then  the  mode  of  entry  of  the  specific  micrococci  is 
evident.  In  a  small  tmmlx^r  of  patients,  also  with  wounds,  the 
throml>osi*«  anfl  softening  occur  in  veins  having  no  kind  of  direct 
comicclion  with  the  wound  ;  here,  too,  the  organisms  have  entered 
by  the  wound,  and  in  some  cases  at  least  the  thrombosis  is  secondary 
to  a  generul  septic  infection.  Finally,  there  remain  a  few  instances  in 
which  no  pathological  breach  of  surface  can  be  found  for  the  adnii!»sion 
of  the  germs  ;  it  is  thought  that,  in  thesC;  they  must  have  |kas&ed  into 
the  blood  through  the  alimeiitury  or  respiratory  mucous  membrancH. 

Putrefaction. — This  rare  change  is  due  to  the  entry  into  the  clot 
of  the  putrefactive  bacteria  from  some  very  foul,  and  often  gangrenous, 
fiuHace :  the  growth  of  these  organisms  converts  the  thrombus  into 
a  stinking  yellow-red  fluid,  which  is  highly  irritating. 


RCSITXjTS. — The  results  of  throml>osis  comprise  certain  changes 
in  the  walls  of  the  vessels,  more  or  less  obstruction  to  the  circulation, 
and  endxjlisni.     These  must  l>e  c*<»nsidered  se|NirHtely. 

1.  Changes  in  tlie  TOiaelfl.  -  More  or  less  alteration  in  the  wall  of 
the  vessel  is  an  invariable  consequence  of  the  formation  of  a  thrombuFi. 
^SfTien  the  thrombus  undergoes  a  process  of  orgunutatiott,  it  l)ecomea,  an 
already  descrilK-d,  intimately  umte<l  with  the  vnscular  wall.  The 
latter  in  the  tirst  place  l>ccome»i  infiltrated  with  cells,  and  considerably 
thickened,  but  ultimately,  together  with  the  thrvmbun,  gradually 
atrophic**.  It  is  wlien  the  thrombus  undergoes  a  pn>ceHS  uf  inftrfire 
purifitnti  mftening  that  the  most  imjwrtant  changes,  oi  an  acute 
inriammator)'  nature,  take  place  in  the  vessel.  Ilicy  arc  due  to  the 
irritation  of  the  decomposing  thrombus,  and  are  most  frequently 
obsen*e<l  in  tlic  veins,  where  infective  Ukrumbi  an:  most  liable  to  tx^cur. 
The  walls  of  such  a  vein  are  considernbly  thickened,  so  that  to  the 
naked  rife  it  resembles  an  artery.  The  inner  surface  has  lost  it:*  tnuKs- 
lucency,  and  is  of  a  dead  o|mque  colour.     The  adveutitia  and  middle 
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coats  are  injected  and  present  numerous  hemorrhagic  points,  which 
are  often  visible  through  the  intima.  The  swelling  of  the  wall  is, 
under  the  iiiicroscope,  seen  to  be  due  to  dense  infiltration  with 
leucocytes,  which  conceals  all  normal  structure  (Fig.  97) ;  while  the 
innermost  cells  die,  and  are  shed  into  the  lumen  of  the  vessel     Small 


Pic.  97. — Seciioi)  acruss  a  portal  canal  id  a  cue  of  suppurative  pyle- 
phlebitis AiisioK  ID  Donnection  with  "umbilical  pyaemia."  The 
vein-wrall  (V)  is  converted  into  granulatioQ'tissiic.  Lumen  of  vein 
a  below  on  the  left.    (Boyd.) 

collections  of  pus  may  be  seen  in  the  external  and  middle  coats.  The 
neighbouring  tissue  may  also  become  involved.  These  acute  iiiM.iin- 
matory  changes  in  veins  constitute  what  is  known  as  supporatiTe 
phlebitis.  Although  most  frequently  due  to  thrombosis,  they  may 
also  occur  as  the  result  of  extension  from  adjacent  suppurating 
ti«8ue6,  in  which  cose  the  thrombus,  which  also  undergoes  purifomi 
softetiing,  is  Kcomiary  to  the  phlebitis.  Similar  changes  are  observed 
in  the  arteries.  Septic  arteritis,  attacking  a  ligatured  artery  in 
a  putrid  wound,  was  formerly  a  most  disastrous  sequela  to  opera- 
tions, being  the  commonest  cause  of  secondary  hiemorrhage,  now  so 
rarely  seen. 
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2.  Obstruction  to  the  circtilation. — Tho.  ccuiHcquciicefl  of  the 
obstruction  to  liu-  t-irculatiuu,  rcsultiuj^  fruiii  the  formation  of  n 
thrombus  will  dfpi>ntl  upon  the  rnpitlity  Hiid  mnjtncr  of  its  fomuition, 
the  imlure  and  size  nf  the  vessel  obstructed,  the  situation  nnd  iniinber 
of  the  conatcrnl  branches,  and  the  force  of  the  circulating  current. 
The  rapidity  with  which  the  obtitructi(»n  is  effected  is  of  considerable 
inip<irlarice,  inasmuch  as  the  more  gradual  the  process,  the  longer  i* 
the  time  allowed  for  the  establishment  of  a  collateral  circulation.  For 
this  reiison  the  interference  with  the  circulati^m  caused  by  thrombosis 
is,  for  the  most  part,  less  marked  than  that  which  result*  from  the  more 
sudden  obstruction  eau^ied  by  etnlH)lisni. 

In  the  veins,  whrn  thn»nd>osis  iHTurs  in  a  vessel  of  small  sijce  and 
when  collaterHl  branches  are  nuuierous.  as  in  the  pnjstatic  or  uterine 
plexuses,  the  cJreulHtion  is  but  little  interfered  with,  and  no  symptoms 
of  obstnietion  result.  If.  however,  tlie  main  trunk  of  a  lar^e  vein,  as 
the  ilio-femoral,  becomes  obliterated^  the  obstruction  is  followed  by 
mechanical  hyjHTiemin,  the  extent  and  dunttiiMi  of  which  will  depend 
upon  the  facility  with  which  the  circulation  can  be  restored  by  the 
collateral  vesscU.  It  must  be  remembered,  however,  that  the  valves 
in  veiitN  when  they  exist,  may,  by  preventing  Iwick-flnw,  offer  a  great 
im|R*dimcnt  to  cfillatcnd  circulatjon.  Thrombosis  in  the  ilio-femoral 
vein  frequently  oceun,  as  already  stated,  in  the  later  stages  of  many 
chronic  debilitating  diseases,  e$|>eciaUy  in  phthisic ;  also  in  the 
pueri>eral  state,  where  it  gives  riiic  to  the  condition  known  «» 
phlegmasia  dolens*  As  the  femoral  is  almost  the  only  vein  whidi 
carrier  bk>ud  back  from  the  lower  limb  the  effect  of  suddenly  blocking 
it  is  marked.  At  first  cyanotic,  the  Itmh  becomes  swollen.  |wdlid,  whitep 
painful,  /ind  too  tense  to  pit ;  and  there  is  more  or  less  tenderness 
along  the  ma,  which  feels  enlarged,  hanl,  and  knotty.  These  symp- 
toms vary  greatly  in  amount ;  and  to  them  are  sometimes  added  thoM 
of  lymphangitis  and  cellulitis.  The  extent  of  the  MnimZ/wr,  the 
number  of  collateral  branches  which  it  bloelcs,  and  the  slrcngtli  of 
the  circulation,  will  do  much  to  account  for  the  amount  of  a^lenia ; 
and  it  is  probable  that  the  more  acute  inflammatorj'  fiympt4>ms  arc  of 
septic  origin.  The  circulation  is,  in  most  eases,  ultiaiatcty  restored; 
but  if  the  impediment  has  l>t-rn  of  long  duration,  the  tissues  l>ecome 
thickened,  and  the  limb  reiuoius  hard,  indurated^  ami  somewhat 
enlarged. 

The  results  of  obstruction  in  nrtcric*;  will  t)e  considerecl  at  the  end 
of  this   chapter.      It  is   in   ti&sucs  with   "  terminal  "  arteries   tiiot   the 


I 

I 


EMBOLISM 


237 


InterfcreTice  is  most  marked^  (incl  here  lueniorrhngic  infarction,  which 
so  often  results  from  embolism,  may  occur,  although,  owing  to  the 
more  gradual  obstruction  of  the  circulation,  it  is  less  likely  to  do  so 
(see  beliiw). 

3.  Cmbollflzn. — Portions  of  the  thrombus  may  be  carried  away  by 
the  circulation,  thus  constituting  emlxilism.  This,  which  is  the  most  im- 
fKirtant  result  of  thrombosis,  will  be  coubidercd  in  tlic  following  section. 


EMBOLISM. 

Embolism  is  the  impaction  of  solid  substances,  circulating  in  the 
blood,  in  vessels  which  are  too  small  to  allnw  them 
to  jMiss.    The  solid  substances  are  termed  emboli, 
and  are  of  very  varied  nature. 

By  fiir  the  most  frequent  sources  of  emboli  are 
thrombi,  portions  of  which  are  carried  fnmi  the 
sent  of  Ihcir  fonnntion  by  the  circubition.  Many 
Other  snbsta&ces,  however,  may  act  as  emboli. 
Among  these  are:  (I)  vegetatioas  and  calcareous 
or  atheromatous  masses  se|Mirated  from  the  valves 
of  the  heart,  or  from  the  inner  surface  of  arteries  ; 

(2)  portions  of  new-growths— as  sarcomata — which, 
having  perforated  the  vessels,  have  been  carried 
away  by  the  current ;  (3)  |)anisltes  which  have 
made  their  way  into  the  interior  of  vessels  ;  (4) 
Huid  fat  which  has  escaped  from  the  fat-cells  and 
entered  open  lymphatics,  an  occasional  occurrence 
in  fractures  and  omtusions ;  and  (5)  pigment 
granules. 

A  thrombus  may  produce  em1x>li  in  various 
ways.  (1)  't  may  soften  and  break  down,  und  its 
fragments  be  distributed  by  the  blood-current. 
('i)  Portions  of  a  |Nirietal  thrombus,  not  Hlling 
the  vessel,  may  be  detached  by  the  passing  strean». 
But,  on   the   whole,   the   most   frequent   way   is 

(3)  that  illustrated  by  the  aceom|ian\nng  diagram. 
A  tlirombus  usually  ceases  at  the  junction  of  the 

•1  C4>ntaimng  it  with  the  first  large  coUatend  branch.  Ilie  cardiac 
■end  of  the  clot,  however,  often  extends  as  a  firm  conical  projection  into 
the  tmuen  of  tliis  vessel  (Fig.  9^,  C) ;  and  the  strength  uf  the  blowl- 


F10.98.— y^  Tkromims 
in  the  S'jp/iffious 
I'ein.  Showing  ihe 
projection  of  I  lie 
conical  end  of  the 
thromt>u.s  into  (he 
femoral  vrsscl.  S, 
Saphcnmis  vfin.  T. 
Thrombus.  C  Coni- 
cal <md  projecting 
i  nto  femoral  vein. 
At  V  z;  op|X>&ttr  the 
v.iives,  the  throtnbus 
U  softened. 

(Vircbow.) 
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current,  which  is  the  chief  ftictor  in  preventinff  the  further  extenftton 
the  clot  toward  the  heart,  may  break  off  this  projecting  end,  and  sweep 
it  into  the  general  circulation.  Some  sudden  movement  or  exertion 
oi^en  determines,  in  these  cases,  the  separation  of  the  fragment  which 
is  to  form  the  embolus.  The  veins  are  the  c<immonest  scat  of  throm- 
bosis, and  venous  thrombi  arc  common  sources  of  embolism  ;  the  veins 
of  the  lower  extremities  and  the  jugular  veins  being 
the  most  frequent  sites.  Embolism  from  cardiac 
thrombi,  whether  attached  to  the  walls  or  project- 
ing from  the  valves,  is  also  exceedingly  common, 
and  is  produced  in  a  similar  manner;  leaa  fVe* 
quently  arterial  thrombi  give  rise  to  the  twimc 
result. 

Kmboli  l>ccome  arrested  in  the  first  vessels 
they  reach  which  are  toi>  small  to  allow  them  to 
pass.  L'sually,  therefore,  the  seat  of  impaction 
will  be  at  the  bifurcation  of  the  vessel,  or  at  Hf>nir 
|>oint  where,  from  tlie  givingoff  of  large  branches, 
the  calibre  diminishes  suddenly  (Fig.  99),  The 
particles  may  be  so  small  as  to  jiass  through  evrn 
the  finest  capillaries,  and  not  give  rise  to  any 
aymptoms ;  or  they  may  pass  through  large  capil- 
laries, to  be  arrested  in  a  finer  set  beyond  ;  but  aa 
a  nde  they  are  impacted  either  in  the  first  set  of 
cupillaries  tu  which  they  come,  or  in  some  larger 
vessel  l>etween  tliis  set  and  their  scat  (if  origin. 
I'hus,  emb(»ti  originating  in  the  systemic  veins 
or  in  the  right  crardiAC  cavities,  will  most  com- 
monly iK'come  arrested  in  tlie  vessels  of  tlir 
lungs.  Emboli  originating  in  the  pulmonarj'  veins,  the  left  cardiac 
cavities,  or  tlie  arteries,  will  be  similarly  im]>acted  in  tlie  systemic 
arteries  and  capilUriea,  especially  in  those  of  the  spleen,  kidneys,  and 
brain.  Finally,  emboli  originating  in  the  portal  venous  system  will 
block  branches  of  the  portal  vein  in  the  liver.  With  the  exception, 
tlicrefore,  of  cmlxili  originating  in  the  portal  system,  the  seat  of  arrest 
is  the  arteries  or  capillaries. 

Emboli  are  carried  usually  in  the  direction  of  the  main  current ; 
hence  those  carried  by  the  aortic  stream  pass  into  the  thoracic  aorta 
mure  conmionly  than  Into  the  carotid  or  subclavian  vessels,  and 
into  the  \cf\  carotid   or  left  renal  artery  more   often    than    into   the 


Pic.  99.  —  HmMui 
imfacta^  at  tkt  ///. 
fun§H$H  of  a 
Ammk  ^  ikf  Put' 
mtmary  Arttry. 
Sbowing  llie  forma- 
lloa  of  ihrombi  be- 
hind nnd  in  front  of 
It.aod  the  extension 
oC  these  a&  far  u 
the  enlnincr  of  ih** 
neit  colUtrrul  vrs- 
sell.  E.  r.fnboluv 
/  /.  Secondary 
ihromU.  (Vircbow.) 
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correspondicj?  arter)'  of  ttie  opposite  side.  Gravitation  also  influences 
the  direction  in  which  they  arc  carried,  especially  those  of  large  site, 
which  move  somewhat  more  slowly  than  the  blood-stream  ;  hence,  they 
are  more  common  in  the  lower  lobes  and  |)osterior  parts  of  the  lungs 
than  in  the  superior  and  anterior  portions  of  these  organs  (p.  251). 

It  is  not  uncommon  to  find  that  the  small  vessels  of  an  area,  of 
which  the  supplying  artery  is  plugged^  also  contain  emboli.  This  may 
be  accountcti  for  in  tn-o  ways.  Firsf,  if,  as  is  frequently  the  case,  the 
arrest  takes  place  at  a  point  of  bifurcation,  the  embolus  may  jwrtially 
fill  both  branches,  alloMing  a  small  stream  of  blood  to  pass;  this  may 
break  off  portions  of  it,  and  so  prtnluee  secondary  emboli,  which  become 
im|utcted  in  the  smaller  divisions  of  the  same  main  trunks.  The 
xefond  mode  is  by  the  detachment  of  several  small  emboli  from  some 
distant  source,  which  subsequently  yields  a  mass  large  enough  to  stick 
in  the  main  trunk.  It  is  found  exj>erimentally  that  small  bodies  injected 
at  intervals  into  the  jugular  vein  are  sometimes  swept  into  tlie  same 
division  oi'  the  pulmonary'  artery. 

The  amount  of  obstruction  which  immediately  follows  the  arrest  will 
depend  upon  the  nature  of  the  embolus  as  well  as  upon  its  sixe  and 
shaj)c.  If  the  embolus  be  from  a  soft,  recently  formed  thrombus,  it 
will  be  at  once  moulded  to  the  cavity  of  the  vessel,  which  will 
thus  be  immediately  imd  completely  plugged.  If,  on  the  other  hand, 
it  is  irregular  in  shape  and  firm  in  consistei»ee,  as  when  derived  from 
a  calcified  cardiac  vegetation^  it  nwy  not  completely  fill  the  vessel,  but 
allow  M  small  current  of  blood  to  jjass  it. 

The  arrest  of  the  embolus,  and  the  consequent  obstruction  to  the 
circulation,  is  followed  by  the  fcinn.'ition  of  secondary  thrombi  behind 
and  in  front  of  it,  which  extend  as  far  as  the  junction  of  the  first  large 
collateral  vessels  (Fig.  9^)*  If  the  eml>olus  does  not  completely  fill 
the  vessel,  thrombosis  leads  to  the  deposit  of  successive  layers  u|M>n  its 
face  until  the  occlusion  of  the  vessel  is  complete,  and  then  the 
mdary  thr(»mbus  extends,  as  in  the  former  case,  until  it  meets  with 
a  current  of  blood  strong  enough  to  arrest  its  progress.  If  the  embolus 
is  a  portion  of  a  soft  thrombus,  it  will  in  most  cases  be  imjmssible  to 
distinguish  it  from  the  secondary  thrombus  which  surrounds  it.  If, 
however,  it  is  a  calcareous  mass,  or  a  portion  of  an  old  thrombus,  it 
may  usually  be  distinguished  from  the  more  recent  secondary 
coagulum. 

Emboli  may,  in  rare  cases,  l>ecome  absorbed.  They  may  also,  when 
derived  from  thrombi,  soften  or  become  organised.     The  changes  in 
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the  secontlarj-  thrombi  an*  simiUr  to  those  alreaily  described  ns  occnr> 
ring  in  the  primary  (p.  saO). 

R£SX7I.TS.—'l*he  results  of  embolism  iire — (1)  tliose  depending 
ujHui  olifst ruction  to  the  cJroulution,  nnd — (2)  thowe  producrd  by  the 
irritation  of  the  emboli. 

From  the  facts  disclosed  in  the  precedinjf  pjiraifraphs  it  may  now 
be  inferred  that  embolism  of  cither  the  pulmumir^-  or  the  systemic 
veins  is  pmcticnlly  n  uiechnnicnl  inijK>Ksibi1ity ;  but  tiuit  in  any  of  the 
remaining  vessels  —  arteries,  capillaries,  and  portal  vein  —  we  may 
expect  its  iiccurrence.  As  embolism  of  tJie  arteries  is  followed  by  very 
different  residts  to  that  of  the  CHpillnrics,  the  two  conditions  must  be 
considered  se|Mirately.  For  one  pre^^ent  purpose  the  porta]  vein  will 
be  grou|>rd  with  the  arteries,  from  which  it  differs  nwinly  in  its  lower 
blood-pressure. 


Arterial  EmbolUm. 

I.  OBSTRUCTION    TO     THE     CIRCUX^TION.~TI 

results  to  tlir  firculation  dc|H'nd  chiefly  on  the  extent  of  the  arteriAl 
umistomoses  in  the  BfTcctcd  part. 

Sudden  and  complete  obstruction  of  some  arteries — such  as  the 
radial  or  a  second  or  third  branch  of  the  mesenteric — is  practically 
without  etft'c't  upon  the  circulation,  which  is  curried  on  tlirt)ugh  the 
large  vessels  which  anastomose  with  those  bninches  of  the  obstructed 
artery  which  tire  given  off*  Itelow  the  scat  of  the  oltstriictinn.  Yet 
ligature  of  the  common  carotid  is  occjwionally  followed  by  cerebntl 
softening,  easy  though  it  would  seem,  when  only  one  of  the  arteries 
supplying  the  circle  of  Willis  is  blocked,  for  the  cerebnd  cin'ulatifm  lu 
be  efficiently  maintained. 

In  other  ca-ses  there  is  some,  perhaps  even  very  great,  difficulty  in 
effecting  the  re-establishment  of  the  circulation.  'I'his  is  owing  either 
to  the  small  number  and  siw?  of  the  vessels  anastomosing  with  the 
tyranches  of  the  obstructcil  vesM.'l,  or  to  some  disease  of  these  vesavlsf 
intcriering  with  their  nonnal  jwwer  of  dilatation.  On  ligature  of  the 
femornl  artery  the  limb  l>e«ninics  |Mde,  iinil  its  snrface-tem|>eraturc 
Calls  many  degrees.  In  this  condition  it  remains  several  hours:  then,  ' 
tf  all  goe«  well,  the  su^ieHicial  vessels  dilate,  the  circulation  thrtmgh  fl 
thrni  procecfU  with  undue  mpidity.  and  the  surfiu-c-temperature 
riftcs  fomc   degreeb   liighcr   than   that   of  its   fellow.     This  reaction 
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pgradually  disitjipcars,  aiid  ultimately  the  part  may  reiuaiu  abiioriiuilly 

On  the  other  hand,  the  {»art  deprived  of  its  blood-supply  may  die  en 
ntiiAJtc.  Between  the  two  extremes  of  recovery  and  death,  there  are 
many  possibUities — from  death  of  a  single  toe  upwards.  The  part 
hich  ultimately  dies  may  remain  pale  and  bloodless,  imd  gradually 
mummify;  but  usually  it  becomes  more  or  less  swollen  with  blood, 
driven  into  it  by  a  pressure  insuHicient  to  send  the  blood  riglit  on 
through  the  veins:  Huid  and  cells  pass  into  the  tissues,  organisms 
thrive,  and  invade  the  part,  and  moist  gangrene  results.  Similarly, 
embuUsm  of  an  ulliuiate  branch  of  the  mesenteric,  with  secondary 
thrombosis  obstructing  the  vessels  on  either  side,  will  lead  to  a  {partial 
necrosis  of  a  small  segment  of  bowel  and  hcLnuorrhage  into  its  lumen 
(vide  infra),  probably  ending  in  recovery ;  but  embolism  of  the  main 
trunk  of  the  vessel  causes  gangrene  of  the  whole  intestine. 

lufarction* — This   seems   the   best  place   to  discuss  iajaniion — a 

irocess  oflen  produced  by  embolism,  but  not  infrequently  due  to  other 

luses.     In  some  organs,  such  as  the  spleen  and  kidney,  the  arteries 

ive    capillar)',  but   no   arterial,  anastomoses  with  the  neighbouring 

Is.     Such   arteries  arc  called   erul   or  tcnninnl  arteries.     Each  of 

arteries  supplies  a  conical  compartment  of  the  organ  in  question. 

base  of  the  cone  is  on   the   surface  of  the  organ,  while  its  apex 

|H>ints  towards  the  centre,  and  corresjxjnds  to  the  point  of  entrance  and 

e\it  of  the  artery  and  vein  respectively.     The  possible  means  of  access 

rhich  the  blood  has  to  such  a  portion  of  tissue  are,  (1)  the  main  artery 

id  vein  just  mentioned,  (a)  the  sm.O!  vessels  passing  from  the  capsule 

ito  the  cortical  |Mirt  of  the  organ,  and  (3)  the  capillurj'  anastomoses 

with  tile  neighbouring  vessels  on  each  side. 

If,  by  means  of  embolism  or  thrombosis,  the  main  artery  suppljring 
ic  of  these  conical  segments  of  tissue  becomes  blocked,  necrosis  and 
other  degenerative  changes  will  occur  in  it;  for  the  capsular  vessels 
id   the  lateral    anastomoses   together  are   unable   to   maintain   the 
itrition  of  the  part.    As  seen  post-mortem  these  cones  or,  as  they  are 
■  d,  infarcts,  when  cut  from  l>ase  to  apex,  have  a  very  ty])ical 
|tf  '    section   (Fig.  iOl).     Two  varieties  are  described:  (1)    the 

white  or  ansemic  infarct,  and  {^)  the  red  or  hemorrhagic  infarct. 
-\  trkitr  infarct  is  pide-yellow,  and  has  its  base  level  with  or  depressed 
a  Utile  beneatli  the  rest  of  the  surface  of  the  organ.  A  red  infarct  is 
bUckinb-red  and  has  a  slightly  raised  base.  Recent  infarcts  of  both 
ids  are  surrounded  by  a  bypenemio  zone.     Red  infarcts  are  common 
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in  the   lunj^,  spleen,  and   kidney^  and  arc  ucctuiunidty   found   tu  thi 
intestine.      HltUtr  infarcts,  when  pninar}*,  are  found  iii  the  brain,  rctii 
and  the  muscular  walls  of  the  heart 

Microscopic  examination  of  n  trhite  infarct  will  reveal  coagtdation- 
necrosis  and  fatty  degeneration  of  its  tissue-elements.  Sometimes 
transudation  from  surrounding  parts  supplies  suHicient  nourishsnenl 
to  keep  alive  the  connective-tissue  stroma ;  the  nuclei  then  stain  with 
logwood  (Fig.  101). 

In  the  reti  infarct  the  tissue  is  so  crammed  with  blood-corpusclrft 
that  the  degenerative  changes  are  often  obscured. 

Some  white  infarcts  contain  granules  and   crystids  of  altered  blood- 
pigment.     These  arc  eont>idercd  to  be  a  later  stage  of  red  infarction  infl 
which  the  rest  of  the  hipinorrhagic  extravasation  has  disappeared.  fl 

It  is  very  important  to  remember  that  all  tissues  do  not  equally 
resiat  the  ctTccts  of  anaemia — those  of  the  skin  and  muscle  are  most 
Instant;  those  of  the  brain  and  intestine  least.  A  piece  of  strangu- 
Uted  gut  dies  more  rapidly  than  a  tied-olf  ear.  This  power  of  resist-* 
ance  is  not  the  same  in  all  individuals. 

Cessation  of  ftnicHon  soon  folKiws  cessation  of  nutrition.    The  effect 
of  tJiis  nwy  be  extremely  serious  :  thus,  plugging  of  one  of  tJie  bkrj 
cerebral  arteries  is  generally  followed  by  sudden  loss  of  consciousni 
and  paralysis;  plugging  of  the  pulmonary  artery  by  sudden  asphyxia; 
and  plugging  of  one  of  the  coronary  arteries  by  sudden  paralysis 
the  lirnrt. 

Pathology  of  Infarction. — V'ery  different  explanations  have  bcci 
offered  of  the  exact  manner  in  which  infarcts  arc  proiluced. 

Arguing   from    the  above    data,    Cohnheim    offered   the    followiiij 
explanation.     In   his   opinion,   the    first    effect   of   the  plugging  of 
terminal  artery  is  the  stoppage  of  the  blood  passing  through  it ;  thi 
arterioles  contract  and  empty  themselves  ;  but  being  deprive<J  of  tbcij 
bKK>d-MippIy  they  sulwequently  dilate  and  the  pressure  in  them  is  tliui 
retiucr<i  to  uii.      Venous  pressure,  though  low,  is  in  excess  of  this,  mnt 
9o  blood  regurgitates  from  the  veins  to  (ill  tl»c  capillaries  and  arterioh 
nn  the  |>eriphcnil  side  of  the  plug — as  may  be  seen  with  the  mit 
scojh:  in  the  tongue  of  a  frog,  one  tif  whose  lingual  arteries  has  Iktcj 
lied.      The  arteries  round  about  the  area   dilate,  and    their   capillaries 
become  ttill  of  blood  ;  but  even  with  this  assistance  the  bUKMl- pressure 
in  these  circumferential  capillaries  is  still  inBuflicicnt  to  force  the  blood 
thn>ugh  more  than  a  few  of  the  outl>-ing  capillaries  of  the  obstriM 
area.     Consequently  such  an  area  will  be  dark  from  the  present 
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t  venous  blood,  but  surrounded  by  a  riug  of  arterial  redness. 
r  on,  the  escape  of  red  corpuscles  into  the  tissues  will  darken  the 
mass  still  further.  This  occurs  without  any  rupture  of  vessels,  just  iis 
happens  in  venous  congestion  (p.  21*).  Finally,  secondary  thrombosis 
of  the  vein  and  other  vessels  is  said  to  occur  in  the  area  (Fig.  100). 

The  changes  which  usually  result  fi-oni  deprivation  of  arterial  blood 
were  studied  cx|>erinieniany  by  Cohuheim.  If  the  ear  of  a  rabbit  be 
emptied  of  blood,  ligatured  at  its  root 
for  eight  to  ten  hours,  and  the  blood 
be  then  allowed  to  circulate,  the  organ 
becomes  exceedingly  red,  swollen,  and 
ematous.  When  examined  micro- 
scopically the  vessels  are  found  to  be 
dilated,  and  numerous  h-AiVc  blood-corpus- 
cles are  seen  to  have  escaj>ed  from  them 
into  the  surrounding  tissue.  The  longer 
the  part  is  deprived  of  blood,  the  more 
abundant  is  the  subsequent  infiltration 
with  leucocytes  ;  and  when  the  obstmctitm 
has  lasted  twenty-four  hoin*s  small  extra- 
vasations of  red  corpuscles  alstt  occur.  If 
the  hgature  remain  on  for  forty-eight  hours 
the  ear  dies.  Cohnheim  concUidcd  that 
when  blood-vessels  with  their  vasa  vasorum 
deprived  of  circulating  blood  for  a 
sufficient  length  of  time  they  lose  their 
|K»wer  of  retaining  the  blood,  and  allow, 
first  the  liquor  sanguinis  and  leucocytes, 
and  subsecjuently  red  corpuscles,  to  escape 

from  them,  the  escape  taking  place  only  through  the  capillaries  and 
venules.     The  whole  process  can  be  watched  in  the  tongue  of  a  frog  to 
the  base  of  which  a  ligature  has  been  applied.     For  the  walls  of  blood- 
Is  to  be  thus  altered,  interference  with  the  circulation  must  be  very 
'complete — a  very  little  vascular  supply  serving  to  prevent   the  above 
phenomena.     Still,  it  is  a  wide-reaching  fact,  which   umst  always   be 
borne    in  mind,   that    imperfect    nutrition,  however  slight,    is  a  step 
wards  death,  and  must  render  tissues  less  resistant  to  injury.     These 
ilMcn'ations  explain  all  the  changes,  6x)m  oedema  to  moist  gangrene, 
vcn   above,   which    may   follow    ligature    of  the    main    artery  of  a 
b. 


Fig.  ioo. — Diit^tm  tfa  //trmor' 
rfiiigi£  Infarct,  a.  Artery  oli- 
litcntlcd  by  an  embolus  {e), 
V.  Vein  filled  with  a  secondary 
thrombus  (/A),  i.  Cenuc  of 
infarct  which  is  becoming 
dtsintegTjtcd.  2.  Area  of  ex- 
tra^'asaiion.  3.  Axca  of  col* 
lateral  bypenvniia. 

(O.  Weber.) 
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Cohiibeim  thought  that  when  emboli  blocked  temiinal  arteries,  the 
result  wiLs  iihnost  always  ha^inorrhagic  infareliuii.  In  bis  npinion 
exceptions  to  this  rule  were  due  either  to  the  veins  of  the  |wirt  being 
valved  or  thromlwsed  so  that  rcjfurgitation  was  prevented,  or  to  the 
part  being  ho  placed  that  gravity  strongly  favoured  the  return  of  bhxKl 
by  the  veins.  In  thete  coses  the  urea  remained  jMile  and  bloodless. 
He  considered  that  some  apfMreiit  rxeeptions  were  owing  to  tlw 
existence  of  fine  arterial  anastiimoM-s  with  certain  arteries,  of  which 
the  great  majority  were  rca/ii^  tcrmwaL  Thus  anastomoses  of  the 
bronchial  artery  with  the  pulmonary  might  sometimes  wjird  off"  infarc- 
tion in  the  lung;  and  the  presence  of  branches  of  the  hepatic  arten.* 
might  similarly  prevent  infarction  of  the  liver  resuUi?ig  fn»m  emlxjlisni 
of  a  branch  of  tlie  |»ortal  vein.  One  reason,  according  to  C'oluiheiui. 
why  infarcts  are  so  much  commoner  on  the  surface  than  in  the  substauce 
of  an  organ  is,  that  in  the  former  situation  the  whole  base  is  almost 
absolutely  cut  off  from  collateral  supply. 

Litten  disputes  the  truth  of  Cohnheim's  explanation  of  the  whole 
pnicess  of  infarction.  He  shows  that  the  infarction  of  the  kidiiey 
which  follows  ligature  o^  the  renal  artery  cjmnot  be  due  to  regurgita- 
tion from  the  renal  vein,  as  it  is  most  intense  when  the  renal  vein  is 
itself  simultancoufil}'  ligatured.  Under  these  conditions  the  kidney 
swells,  becoming  Brst  congested,  and  then  infarcted.  The  congestion 
l>rgins  in  the  subcapsular  zone  of  the  cortex,  and  at  the  bases  of  tlic 
pyramids  nearest  the  attachment  of  the  pelvis.  This  congestion  is  due 
to  the  continue<l  supply  of  the  organ  by  small  arteries  (now  much 
dilated)  which  spring  from  the  luml»tr,  supra-renal,  and  phrenic,  and 
pierce  the  cajisule ;  as  well  iis  by  others  which  spring  from  the 
Rprrmatic,  and  run  up  along  the  ureter.  If  the  renal  vein  is  left  o{)en, 
the  kidney  swells  niore  slowly,  because  some  o^  the  blood  entering 
from  these  arteries  can  then  escape  by  the  vein ;  the  venous  stream  is 
therefore  away  from,  not  towar«ls,  the  kidney.  But  the  completion  of 
the  proof  that  the  infarction  is  due  to  supply  through  these  arteries, 
and  not  to  venous  rertux,  is  afforded  by  an  experiment  which  show* 
tliat,  when  these  are  detached,  infarction  does  not  occur.  Otte  kidney 
is  fihelled  out  of  its  bed  of  fat,  and  its  artery  is  thus  rendered  really 
terminal.  'Ilie  renal  arteries  on  (>o(k  sides  are  then  tied>  while  the 
veins  on  Iwth  sides  are  left  {Mtent.  The  "shelled"  kidney  now 
becomes  slightly  congested,  but,  as  n  rule,  no  venous  regurgitation 
occurs ;  the  organ  remains  lighter  and  smaller  than  its  fellow,  and  does 
not  become  engorged  with  cxlravasatcd  eorjiusclvs.      In  the  op]K>6ilc 
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kUIney  typical  infnrction  occurs.  It  would  seem,  therefore,  that  in 
many  cases,  when  the  main  artery  and  its  snmll  collaterals  are  tied,  the 
pressure  in  the  renal  vein  is  not  sufficient  to  overcome  the  resistance 
in  the  capillaries  and  to  distend  them  with  venous  blood,  much  less 
■would  it  be  able  to  do  so  when  the  capsular  arteries  are  pumping 
blood  into  the  cortex,  and  thus  increasing  the  intracapsular  pressure. 
If,  by  coughing  or  vomiting,  the  pressure  in  the  renal  vein  is  raised^ 
infarction  is  more  likely  to  occur ;  and  it  is  produced  in  its  severest 


Fig.  toi.— Above  on  the  left  is  a  representation  (natural  size)  of  a  section 
through  a  recent  Infarct  of  the  Iddncy  :  the  circle  marks  roughly  the 
part  magnified  and  drawn  in  the  m.iin  figure,  k  points  to  healthy 
kidney ;  nm  of  a  nomiQ]  Malpighian  tuft ;  ;'  to  an  area  in  which  the 
vessels  ore  crammed  with  red  corpuscles,  and  the  tissues  are  more 
or  less  degenerate  ;  i  and  m  to  kidney  substance  and  a  Malpighian 
tuft  which  are  loo  degenerate  to  slain.     [Boyd.| 

form  by  clamping  the  vena  cava  inferior  above  the  entry  of  the  renal 
vein.  These  observations  were  extended  with  similar  results  to  the 
spleen  and  lung,  .^ince  then,  anaemic  infarcts  in  the  spleen  have 
been  found  osstx^iated  with  thrombosis  of  the  splenic  vcim  without  any 
obstruction  in  the  artery. 

In  the  great  majority  of  cases,  when  a  truly  "terminal"  artery  is 
blocked,  no  infarction  occurs.  The  area  formerly  supplied  by  it 
remains  {>ale  and  antemic,  and  microscopic  examination  reveals  no 
!e  of  red  corpuscles.  This  is  seen  in  cases  of  embolism  of  the 
^cerebral  arteries  (white  soflening)  and  of  the  central  artery  of  the 
;tina. 
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When  an  artery  of  houic  |w»Pi  (f-g*  li«»b)  in  which  the  vciiift 
valvet]  l>econics  bU>cked,  n*>  reflux  can  occur,  but  infarction  umy.  Such 
infarction  is  rare,  because  these  parts  generally  have  a  rich  ArteriAl 
supply  sufficient  to  carry  on  the  circulation:  it  is  most  likely  to  follow 
bWking  of  the  wain  artery  (p.  S-H). 

Lilten  agrees  witli  Colmheim  that  tlic  red  corpuscles  escape  by 
(liupedesis.  but  considers  that  this  is  due  to  the  distension  of  the 
capillaries  and  small  veins  by  the  mccluuiicnl  congestion.  It  mlmost 
inimcdintely  iVillows  the  application  of  the  ligature,  before  anvmia  has 
had  time  to  effect  any  marked  change  in  the  vessel-walls ;  luid  iudrcd^ 
if  a   ligature  be  placed  on  the  artery  i>f  a  "  shelled  "  kidney,  and 


W 


FlC  los. — EmMu  Ki4Htv.  From  a  cose  or  aneurysm  of  tb«  abdominal 
aorta :  many  small  ycllow-whitc  patches  were  scitier«4  ihrough  the 
conict^  of  \i\c  urgaos.  K&srnlial  cdU  ^ttily  mcUmorphosed,  con- 
nective-tissue  cl'Us  still  capable  of  staining,     x  aoo. 

removed   after   four  hours,  no  firesh  blood  enters  aiul   no  escape  €>f 
corpuscles  occurs. 

It  would  seeiu  that  the  true  reason  why  red  infarcts  are  found  so 
frequently  on  the  surfaces  of  the  organs  in  which  they  occur  is  not 
that  the  base  is  almost  entirely  cut  off  from  its  bloiHl-supply,  but  tliat 
tliere  the  small  capsular  arteries  enter,  and  that  tlirough  these  blood  is 
still  driven  into  the  area. 

Litten's  cxperimcutjt  arc  conclusive  so  for  as  t)ie  kidney  is  concerned. 
Cflhnheim's  regurgitation  theory  prolwbly  holds  gooti  for  a  few 
and  in  its  favour  it  nnist  l>c  renieml>ered  that,  in  the  majority  of 
in  which  simple  embolisms  from  cardiac  valves  occur,  there  is  "  back- 
telling  "  (]!.  17)  ufton  the  lungs,  and  venous  pressure  is  abnonnally 
hig}).     Nor  should  it  be  forgotten  tlwt  the  resistiuiee  oflered  to  regur- 
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fetation  from  the  veins  by  the  capilkries  of  the  tongiie  or  ear  is 
ppobrtbly  much  less  than  that  offered  by  those  of  the  firm  kidney 
within  its  elastic  capsule, 

IRRITANT  EFFUCTS  OF  AN  EMBOLUS— A  simple 
embolnB,  such  as  h  bit  of  non-infected  fibrin  or  a  fragment  of  a 
calcareous  plate,  causes  slight  irritation  of  the  vessel  where  it  lodges. 
Such  an  embolus,  with  its  secondary  thrombi,  will  usually  be  absorbed 
or  become  orjjaniscd.  This  irritation  may  occasionally  cause  so  much 
inflanniiutory  softening  of  the  vessel-wall  that  it  yields  before  the 
blood-pressure,  and  tux  aneury^ini  results  (see  "Arteries").  This  is  now 
held  to  be  the  patholo^  of  most  aneurysms  occurring  in  people  too 
young  to  be  suffering  from  atheroma  or  acquired  syphilis ;  and,  as  the 
emboli  arc  usually  small  or  of  moderate  size,  dilatations  from  emlwlism 
affect  especially  the  cerebral  arteries  and  the  smaller  arteries  of  the 
limbs — from  the  size  of  the  brachial  downwards. 

An  infectlTe  emboluB  is  one  which  has  brought  with  It  from  its 
source  organisms  cajiabU-  of  growing  within  the  body — at  all  events,  in 
the  dead  or  greatly  depressed  tissues  of  an  infarct — and  which  thus 
gives  rise  to  bacterial  changes  at  the  point  where  it  is  arrested.  The 
result  depends  upon  the  intensity  of  the  irritation  which  the  particular 
bacteria  can  excite :  in  cases  of  rheumatism  they  often  seem  to  render 
the  emlK)lus  but  little  more  irritant  than  simple  fibrin ;  but  in  pyaemia 
the  micrococci  cause  secondary  suppuration  (sec  "  Pycemia  "). 

IJITER  CHANGES  IN  SMBOUSM.— These  depend  upon 
the  two  considerations  just  discussed:  (1)  the  extent  to  which  the 
circulation  is  interfered  with,  and  (S)  the  amount  of  irritation  caused 
by  the  embolus. 

I.  SmftU  infarcts. — In  the  case  of  sttiati  rtd  iuftircfx,  if  the  em- 
Lwlus  is  free  from  organisms,  the  coagulated  blood  gradually  loses 
colour,  becoming  bro^ii  or  yellow,  and  absorption  proceeds  slowly.  In 
the  case  of  xmail  amrwic  iftj'anix,  the  tissue-changes  are  more  clearly 
seen  than  in  tlie  red  infarcts,  where  they  are  obscured  by  the  extra- 
vasated  blood.  In  these  white  infarcts,  lymph  reaches  the  part  by 
transudation  from  parts  around,  the  cells  swell,  loose  their  nuclei,  and 
blend^in  fact,  undergo  coagulation-necrosis  (p.  29),  and  thus  form 
the  well-known  white  wedges.  The  more  external  portions  of  this 
mass  of  coagulated  blood  and  necrosed  tissue  be(*ome  infiltrated  with 
leucocytes.     In   this  area  fibrous  tissue  subsequently  develops;   this 
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contracts,  ant!  ullimately  a  depressed  scar  mny  Ik*  all  tluit  roniaiiiA 
indicatr  tlie  change.  For  Mmw  time,  whilst  these  MCdiiilHrv  chaji^s 
are  takin>^  place  in  the  infarct,  ith  most  external  portimib  arc  sur- 
rounded by  a  rod  r.nne  of  hj'pcra?mic  tissue.  This  ia  cxccc<lingly 
characteristic. 

'^.  Large  infarcts. — In  the  case  of  n  large  infarct,  the  central 
purtions  may  disinte^itc  and  soften.  Thii)  nuiy  subbc^uently  dry  up 
ttud  leave  a  deprcssetl  sear. 

S.  InfectiTe  softening. — If  nn  emlH^lns  is  derived  from  a  piurt 
where  an  infective  inHnnnnntinn  is  going  on,  it  sets  up  a  similar 
infljin)mat(»ry  process,  Ixith  in  the  vessel,  within  which  it  liecomea 
ini(>»eted.  and  also  ill  the  Kurronnding  tissues,  llicsc  septic  inflaui- 
niatory  ehnnges  lead  to  the  fornintitjii  of  abseew»es,  which  arc  knttwn 
as  embolic  or  metastatic  abscesses,  Mirroscopic  or^nisms  arc 
alniost  invariably  found  in  these  abscesses,  aiul  it  is  to  them  llial  the 
infective  properties  of  the  embolus  are  proliably  due.  No  more 
suitable  nidus  fur  their  development  can  well  be  imagined  than  a 
tissue  in  which  infarction  and  necrosis  have  occurred,  and  which  is 
kept  moist  nt  the  teni|>erature  of  the  body.  Infarction  is  not  an 
essential  antecedent  of  a  metastAtic  abscess.  If  the  metabolism  of  the 
tissue  in  which  the  rml>olus  lodges  diM^s  not  destroy  the  organisms,  t)ut 
affords  them  suitable  |mbuluni,  inflannnatiun  will  ensue.  Thin  subject 
will  be  considered  further  in  the  chapter  on  "  Septicaemia  and 
i^iemia," 

4.  'i'he  other  possible  results  of  eraliolism  have  been  referred  to 
on  p.  '241. 

Capillary  Emboli. 

Tliesc  gct»erally  consist  of  fat,  masses  of  organisms,  clumps  of  white 
blood-corpuscles,  pigment-granules,  or  wr.  In  fractures,  contusions  of 
subcutaneous  tissue,  ruptures  of  fatty  liver,  acute  osteo-myelitis,  and 
other  mort>id  eomlitions  in  winch  fat-cells  are  broken  up  and  the  fat 
set  free,  tlie  droplets  are  absorbed  by  the  lymphatics  an<l  veins, 
especially  when  pressure  in  the  part  is  increased  by  intlanunatory 
eMision  or  h«*n»orrhagc.  On  reaching  the  right  side  of  the  heart,  they 
ore  carried  into  the  pulmonarj-  arterioles  and  mpillaries,  where  their 
prcM^nee  may  easily  be  denuinstratcd  b^'  staining  with  nsniic  Jictd 
(Fig.  ]0.*$).  One  by  one  these  soft  and  easily  moulded  plugs  are  swept 
on  to  the  left  side  of  the  heart,  aiul  distributetl  by  the  systemic  cir- 
cuhition  tu  other  organs,  in  which  also  they  may  be  very  numerous. 
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For  ;i  time,  fresh  emboli  are  constantly  reaching  the  lunf^s ;  but  when 
this  ceases  the  fat-nmsHcs  are  passed  on  to  other  (»r^ins  and  eliminated, 
iu  part  at  leasts  tlirough  Ihr  kidiicvs.  This  fnt-ciiibt>lisni  is  believed 
by  ftome  to  be  the  cause  of  death  after  sin»ple  fractures — a  verj'  rare 
^event.  But,  as  large  quantities  of  fat  may  exist  in  the  lungs  and  other 
r^ns  of  animals  ^\ithout  causing  any  symptoms  whatever,  some 
'scepticism  is  justifiable.  If  a  sufficiently  large  number  of  the  capillaries 
of  the  lung,  or  any  other  organ,  be  blocked  by  fat,  its  function  will,  of 
►urse,  be  interfered  with  ;  and  in  the  case  of  some  organs  this  would 
lean   speedy  death.      It  is  probable  that  the  lungs  always  contain, 


Fig.  ioj. — Fal-Embolism  if  lj*Hg,  From  bad  compound  frnclure  of  leg 
and  severe  subcutaneous  lacerallon.  The  black  masses  are  drops  of 
fat,  stained  kUIi  osmic  acid,  lying  in  capillaries  and  arterioles  of 
alveolar  walls,     x  4a     (lioyd.) 


iroportionately,  mnny  more  emboli  than  any  organ  suppUed  by  the 
sj'steniic  circulation.  It  has  been  ascertained  that  half  the  pulmonary 
blcHxI-path  may  Ix^  olistructed  without  disturbing  the  circulation  at 
large  (Cohnheira),  We  must  therefore  suppose  that,  as  a  rule,  the 
pa&sage  of  fat  on  to  the  syhtemic  circulation  keeps  the  number  of 
plugged  capillaries  below  the  point  of  danger.     In  acute  osteo-myelitis 

It  is  probable  Umt  the  fat-drops  may  serve  as  carriers  of  pyogenic  cocci 
from  the  seat  of  inflammation,  and  cjmse  their  impaction  in  vessels 
which  they  would  otherwise  pass  thnnigh  freely. 

Clumps  of  leucocytes  form  emboli,  and  therefore  petechiie,  in  septic 
fevers  (Hiiter).  Air  entering  the  veins,  may  give  rise  to  embolism. 
ere,  as  in  fat-embolism,  the  air-plugs  have  little  effect :  to  cause 
death,  air  must  be  injected  so  quickly  and  in  such  quantity  that  the 
blood  ill  the  right  heart  Ls  churned  into  foam,  u[x>n  which  tJie  viscus 
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fruitlessly  contracts.      Pignicnt-granules,  probably  parasitic  in  nHgin, 
have  caused  capillary  embolism  in  malaria  (sec  "  Malaria"). 


ThrombosU  and  Embolism  of  the  Brftin* 

Thmmbosis  and  embolism  are  tlie  most  common  cau&en  of  cerobnd 
softenings. 

SoftenittS  from  Thrombosis. — This  is  conmionly  tht'  result  of 
atheromutuus,  culcureous.  or  syphilitic  changes  in  the  cerebral 
arteries.  Such  changes  favour  the  occurrence  of  thromlmsis,  causing 
diminution  in  the  lumen  of  the  veiisels,  roughening  of  their  internal 
surface,  and  impairment  of  their  elasticity  and  contractility.  As  a 
result  of  the  interference  witli  the  supply  of  blood,  the  cerebral 
substance  undergoes  a  more  or  less  rapid  process  of  necrosis  (p.  60). 

Thrombosis  may  also  occur  in  the  cerebral  sinuses  and  Teins. 
Thrombosis  of  a  sinus  may  be  primary,  mu\  fall  imder  the  hcAdin^ 
of  marasmic  (p.  2!27),  or  it  may  be  secondary  either  to  (I)  disease  ot 
flome  adjacent  part,  such  as  of  the  bone  in  inHaiumation  of  the  middle 
ear ;  or  (2)  to  extension  of  a  thrombus  along  a  vein — as  in  the  case  of 
tile  orbit — from  an  iiiHamed  |uirt  to  the  sinus  into  which  it  opens.  The 
result  is  great  distension  of  all  veins  opening  into  the  sinus,  cedema  of 
the  area  whence  they  draw  their  blood,  minute  hirmorrhages,  especially 
in  the  vascular  cortex,  and  softening  from  impaired  nutrition. 

Softening  from  Embolism.  —  The  softening  resulting  frora 
einlx)li.sni  i^,  for  tJie  most  part,  entirely  dependent  upon  the  obstruc- 
tion to  the  circulation  caused  by  the  emlxilus  aiul  by  the  resulting 
thrombosis.  It  in  rapidly  induced,  and  is  often  attended  by  the 
extrnvasAtion  of  blood  in  iU  neighbourhood,  when  it  constitutes  one 
form  of  acute  red  softening  (p.  ()S).  If  the  interference  with  the 
circulation  l>e  slight,  and  there  be  no  extravasation  of  blood,  the 
softened  portions  arc  white  in  colour  (p.  tio).  The  vessel  most 
frequently  blm^ked  is  the  middle  cerebral  artery  ;  and  in  the  majority 
of  cases  it  is  tliat  of  the  left  side.  In  almost  all  cases  in  which 
softening  of  the  cerebral  substance  results  from  embolism,  it  is  due  to 
arrest  of  the  embolus  in  one  of  the  vessels  hei/vrtd  the  circle  ot  Willis, 
because  here  the  circulation  cannot  be  readily  restored  by  the  collateral 
vessdls.  Softening,  however,  does  not  necessarily  follow  the  blocking 
of  a  cortical  artery,  for  communication  between  these  branches  is  freer 
than  is  often  supposed 
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Engorgement  of  the  area  beyond  an  obstniction  in  a  cerebnil  artery 
is  art  exceptional  occurrence,  but  it  is  sometimes  so  marked  as  to  cause 
rupture  of  a  large  artery  beyond  the  obKtruction,  and  fatal  hiemiirrhage 
some  days  after  the  emlwlisni.  For  reasons  just  stated,  this  is  a  far 
more  likely  occurrence  in  obstniction  of  cortical  than  of  larger  or  basic 
vessels.  When  interference  with  the  circulation  Ls  attended  by 
vascular  engorgement  and  extravasation  of  blood,  the  softened  portion, 
in  the  early  stage,  is  either  of  a  uniform  dark-re<l  colour  or  presents 
numerous  hirmorrhagic  points.  The  softening  is  most  marked  in  the 
centre,  whilst  the  hyperemia  and  redness  may  extend  for  some 
distance  around  it  (p.  6s).  The  surrounding  capillaries  are  dilated  and 
filled  with  coagula,  anil  granular  corpuscles  envelop  tlieir  walls.  In  a 
more  advanced  stage  all  trace  of  nervous  structure  is  lost :  the  softened 
mass  liecomes  decolorised,  and  ]»a.sses  from  a  dark-red  colour  to  a 
chocolate,  brown,  yellow,  or  even  white.  It  may  liquefy  and  form  a 
cyst  with  clear  contents  and  a  fibrous  wall.  More  commonly,  however, 
it  is  gradually  absorbed,  being  replaced  by  fibrous  tissue,  which 
contracts ;  and  ultimately  a  cicatrix,  with  hcematofdin  crystals,  may  be 
all  that  remains. 


Infarction  of  the  Long. — Pnlmonary  Apoplexy. 

This  condition  is  sufficiently  distinctive  to  merit  separate  considera- 
tion. The  so-called  infarcts  <»f  the  lung  are  most  commonly  met  with 
in  cases  of  mitral  stenosis,  and  to  a  less  extent  in  those  of  mitral 
regurgitation.  They  are  found  in  the  lower  lobes,  and  in  the  lower  and 
outer  parts  of  tlie  upper  lol)es.  In  most  cases  they  are  irregularly 
conical,  but  dcc/Lsionally  nearly  globuLir.  In  diameter  they  varj'  fmui 
u  fraction  of  an  incl»  to  tlmt  of  an  entire  lobe.  Blackish-red,  firm, 
with  well-defined  margin,  often  multiple  and  occasionally  confluent, 
they  present  superficial  resemblances  to  tumours  on  the  one  hand  and 
to  lobar  pneumonia  on  the  other.  From  the  former  they  are 
distinguished  by  their  colour,  shape,  position,  and  the  conditions  under 
which  they  occur ;  from  the  latter,  by  their  number,  shape,  darker 
colour,  and  better  defined  limits.  They  are  not  infrequently  the 
starting-points  of  a  hypostatic  pneumonia,  and  are  then  less  easily 
recognised.  In  such  cases  the  adjacent  portion  of  the  visceral  pleura 
is  roughened  by  the  inHammatory  exudation  on  its  surface;  while  by 
the  same  factor  in  the  substance  of  the  organ  the  masses  are  welded, 
the  colour  mottled^  and  the  edges  obscured. 
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Mode   of  formation. — There   ran   be    no  doubt  but  tlwt   ih 
ntnsscs  c<iiisiht  iniiinly  of  extrnvasAted  WikhI  ;  but  there  is  considemble 
clifTerciicc  of  opinion  cimccniiiig  the  reason  of  its  apptrAnuice  in  the 
lissiK's.     They  are   regiirtled  as  the  several  jirodiirlii  of  embolism, 
thrombosisi  or  rapture  of  the  puhnonory  vessels. 

/«  fttmur  of  embolism  of  one  or  more  branches  of  the  pulmonary 
artery,  may  be  urged  (I)  the  frequent  existence  of  a  thrombus  in 
U»e  rijifht  auricle;  (2)  the  discovery  of  an  embolus  in  the  largest  artery 
entering  the  infarct;  and  (.S)  the  general  resemblance  which  the**c 
masses  bear  to  infarcts  of  tlie  spleen  and  kidney.  Against  emboliam 
HA  the  sole  rauAe,  arc  (1)  the  not  infrtMjuent  alwrnce,  in  these  citacap  of 
thrombosis  and  all  other  known  cniiscH  of  enit)olism  cither  In  the 
systemic  veins  or  in  the  right  auricle  ;  (^)  the  still  mi»rc  frwjurnt 
failure  to  lind  an  embolus  in  luiy  bnuieh  of  the  pulmonary  artery 
itself;  and  {S)  the  complementary  facts  that  embolism  may  be  found 
without  infaretii^  and  that  arti5citd  embolism  in  annuals  fails  to  protluce 
infarction. 

That  thrombosis  is^  at  least,  an  occasional  cause  of  "  pulmonary 
apoplexy  "  is  inferred  from  (!)  the  existence,  in  a  few  of  the  eaaea,  of  H 
atheroma  in  the  pulmonary  artery  ;  (^)  the  presence  of  a  thrtanbus  (with-  i 
out  any  sign  of  emlKitism)  in  the  main  artery  Nupplying  the  infart*t  ;  and 
(3)  the  extreme  retardation  of  the  blotKl-ourrrnt  at  the  lime  the 
"infarct"  is  formed.  On  the  other  hand,  all  these  phenomena  may 
exist  without  any  infarction. 

Unquestionably  tlie  most  constant  condition  present  in  these  cases 
is  a  long-continue<l  and  marked  increase  in  the  pressure  in  the 
pulmonar}'  veins  and  capillaries.  The  numerous  anastomoses  of  the 
bronchial  vessels  with  the  pulmonarj'  veins,  and  the  weak  action  of  the 
heart  which  usually  co-exists,  co-operate  with  the  increased  pressure  in 
distending  the  vessels  and  in  lowering  the  nutrition  of  the  vestel- 
walls,  and  thereby  increasing  their  liability  to  raptnre :  while  the 
enonnous  strain  thrown  u|Mjn  the  parts  in  coughing  supplies  an 
exciting  catisc.  The  chief  objection  to  this  explanation  lies  in  the  fact 
that  all  these  conditions  so  frexjuently  obtain  without  any  infarction 
occurring  (p.  .H8). 

Orawitx  h^is  funned  the  opinion  that  all  these  "infarcts"  are  due 
to  the  rupture  of  newly-formed  vessels.  A  careful  examination  wf 
some  fifty  cases  showed  that  the  structure  of  the  aS'ected  ]Mrts  is  in 
all  cajies  similar.  In  the  parLs  sujiplicd  by  the  bronchial  vessels — ie., 
the  ftub-plcuralj  jicribroncluatj  and  interlobular  tissue — Grawitz  found 
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numerous  large,  tortuous,  and,  in  his  opinion,  newly-fomicd  arteries. 
In  the  neighlwurliood  of  these  he  thoug^ht  he  could  trace  com- 
nieiieing  ha*niarrliuj^cs.  Hut  the  must  inijwrlant  of  his  results  seems 
to  have  been  his  success  in  producing  infarctit)ns.  This  he  accom- 
plished by  simultaneously  compressing  the  bronchus  and  the  puhii(»nary 
arter)'.  The  infarctions  took  some  weeks  to  develop.  He  explains 
those  cases  in  wliich  emboli  and  infarctions  have  been  found  asso- 
ciated, by  the  suggestion  that  small  peribronchi«l  htematomata  may  so 
invade  and  damage  the  walls  of  the  adjacent  arteries  as  to  give  rise  to 
the  gradunl  formation  of  a  thrombus  which  he  thinks  has  often  been 
nustaken  for  an  embolus. 
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CHAPTER  XIX. 
FEVER. 


Bv  the  term  "fever"  is  meant  an  abnormal  rise  in  the  temperature 
of  the  Ixxly,  together  with  other  changes  due  to  increased  combustion 
f  the  tissues. 


TEMPERATURE  IN  HEALTH— It  15  usually  stated  that 
the  normal  tcinjn.Maiurc  of  the  body  is  J^Ht"  V.      It  nmst^  however,  be 
remembered  that  the  temperature  not  only  varies  in  different  }>arts  of 
)e  lx»dy,  but  als*>  varies  slightly  with  the  time  of  day,  the  age  of  the 
tientj  and  the  surrounding  temperature.     The   normal    tcmj>eratiire 
of  the  sur/iur  of  the  body  is  Jilways  lower  than    that   of  tlie  inlt-mal 
tit.     Moreover,  it  is  lower  in  proportion  as  we  pass  from  the  trunk 
wards  the  jieriphery,  as  well  *is  more  liable  to  variatitm  from  change 
in  external  conditions.     To  ascertain  the  temperature  of  the  body  f*tr 
linical  pur|K»ses  a  thermometer  is  placed  between  folds  of  skin  in  the 
(or,  ui  the  case  of  children,  the  groin),  under  the  iongtu*,  or  in  the 
rctrium.      If  results  are  to  be  compared,  it  is  essential  that   all   obser- 
vations be  made  in  the  same  place,  fur  the  temperature  in  the  axilla  is 
nerally  half  a  degree  lower  than  tliat  in  the  mouth,  and  that  in 
llie  mouth  half  a  degree  lower  than  that  in  the  rectum.     Again,  the 
time   of  the   observation   must  be  stated,  for  the   temperature   rises 
during  the  day,  reaches  it  maximum  between  five  and  eight  p.m.,  and 
Is  during  the  night    to  its   niiuimmu   between    two   and   &i&   a.m. 
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Further,  the  average  temperature  t»f  an  iiifuiit  or  yoanfj  chiW  i«  sUgtiOy 
higher  than  that  of  an  adult ;  and  in  the  aged  it  may  be  slightly  Ar/tw 
the  average  in  the  adult.  The  full  ranj^e  between  all  these  extremes 
is  between  one  and  two  degrees. 

The  regulntinj*  (thennotaxic)  mechAnistn  is  less  easily  disturbed  as 
age  advances.  The  temperature  of  youn^  children  is  easily  raised  or 
deprcMed  :  an  attack  of  crying  niuy  cause  a  <listinct  rise.  In  old  age, 
on  the  other  hand,  when  oxidative  processes  are  feeble,  the  temperft- 
tiire  is  more  easily  depressed  than  raised.  For  this  reason  slight  rises 
of  temperature  in  the  aged  are  of  much  graver  significance  tJian  in  the 
average  adult,  and  in  the  former  even  acute  fonns  of  inHnnnnation  may 
be  present  without  nny  flccom|Ninying  rise  of  temperature.  The  effect 
of  food  is  to  excite  mcbilKilism  in  the  large  mass  of  glaud-tissue 
connected  witli  the  alimentary  tract,  and  to  cause  a  alight  rise  of 
temperature  :  the  taking  of  food  may  therefore  quicken  a  rise  or 
retard  a  fnll.  The  effect  of  ordinary  exercise  is  slight,  but  tends  Ui 
produce  a  rise:  severe  exercise,  such  as  prolonged  running,  may  cauM: 
a  rinc  of  one  or  two  degrees  or  even  more.  Mental  excrtuju  tends  in  a 
siroiLar  direction,  and  it  is  evident  that  the  activity  of  all  protoplaam 
must  do  so.  The  greater  activity  of  the  tissues  luul  the  cond^ustian  of 
the  ingcsta  arc  the  most  obvious  reasons  for  the  higher  tcmj>er«turc 
<luring  tlic  day-  The  diurnal  variation  is,  however,  said  to  occur  in 
|wrsons  confined  to  bed  aiut  deprived  of  food,  so  tluit  tJie  explanaticMi 
may  lie  in  the  diminution  of  tibsue-aetivities  during  sleep.  It  is  Miid 
that  in  those  |>eople  who  are  in  active  work  during  the  night,  and  arc 
asleep  durinf^  the  day,  the  normal  course  of  the  temperature  is  revei 


8V9CPTOMS  OF  FEVER,— Since  the  intnxluctiou  of  the  cUnI 
cal  tlu-rnionieler  the  lenu  "  fever  "  has  come  to  be  almost  synonymous 
with  that  of  rise  of  temperature.  This  latter  condition  is  certainly  the 
most  easily  ascertained,  the  most  readily  recorded,  and,  on  tlie  whole, 
the  moat  reliable  symptom  of  fever.  The  course  of  the  tcmpemture  in 
all  febrile  attacks  is  divisible  into  three  stages:  (1)  the  wmW,  nr  period 
of  rise ;  (tJ)  the  acme,  fastigium,  or  stationary  jKriod,  during  which  the 
temperature  is  more  or  less  at  its  height ;  and  [H)  the  Jitil,  decline,  or 
period  of  defervescence. 

Tlie  onset  may  l>e  suddm,  the  temperature  rising  three  to  seven 
degrees  before  the  end  of  the  second  day ;  or  it  may  t>e  gradual,  rising 
ever}'  evening,  and  falling  slightly  every  morning,  until  the  full  height 
is  reached,  as  is  seen  in  typhoid  fever.     The  &udden  onset  is  fre(|ucntly 
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accom])amed  by  an  intense  sensation  of  cold  and  a  violent  attack  of 
skiveringj  known  as  a  rigor.  The  temperature  is  at  the  time  high, 
•the  vessels  of  the  skin  are  contracted,  and  excessive  loss  of  heat  is  thus 
prevented.  In  children  in  whom  the  controlling  power  of  the  nervous 
system  is  less  developed  than  in  later  life,  a  ('o/Jt'ii/jioH  often  replaces  the 
irigor*  The  gradual  onset  may  be  marked  by  slight  chilliness,  but  very 
rarely  by  rigors. 

The  fatti^um.  or  second  stage,  may  be  over  in  a  few  hours,  or  may 
last  for  weeks.  The  temperature  may  remain  at  a  fairly  constant  level, 
or  it  may  oscillate  several  degrees  each  day. 

The  final  stage  of  fever,  like  the  onset,  may  be  sudden  or  gradual. 
MTien  sudden,  it  is  said  to  end  by  crisis.  The  drop  is  often  accom- 
panied by  **  critical  "  sweating,  or  diarrha'a.  Sometimes  the  fall  is  so 
rapid  and  so  marked  that  the  patient  may  be  in  danger  of  dying,  and 
may  even  die,  of  collapse.  When  the  fall  is  gradual  it  is  said  to  end  by 
lysis*  This  is  analogous  to  the  corresponding  form  of  onset,  as  the 
temperature  falls  by  a  series  of  morning  drops,  broken  by  slight  rises 
in  the  evening.  The  special  types  of  fever  characteristic  of  some 
«liseases  are  iu  all  probability  dependent  on  peculiarities  connected 
with  the  growth  of  special  jwirasites  (see  "Malaria").  When  fever 
ends  in  death,  the  temi)ernture  generally  rises  just  before  this  occurs, 
and  may  occasionally  go  on  rising  for  a  short  time  afterwards. 

Febrile  temperatures  almost  always  exhibit  a  tendency  to  rhythmic 
daily  variation  like  the  normal  temperature — being  higher  in  the 
evening  than  in  the  morning.  Sometimes  the  op])osite  is  the  ca.se, 
and  tlie  temjierature  is  then  said  to  be  of  the  ini'crted  type.  When  the 
daily  variation  docs  ncit  amount  to  much  more  than  two  degrees,  the 
fever  is  termed  awtitiued.  When  the  variation  is  greater  than  this,  the 
fever  is  ranittefit  ;  of  this  type  hectic  JeviTj  which  accompanies  chronic 
suppuration,  is  a  good  example.  When  the  drop  between  two 
maximum  points  reaches  or  falls  below  normal^so  that  there  is  a 
fever-tree  period — the  fever  is  said  to  be  intermiitcnt  ;  i)f  this  variety 
malaria  is  the  type. 

The  extent  of  the  rise  of  temperature  varies  greatly.  Certain 
terms  are  sometimes  employed  to  express  the  average  height  of  the 
temperature.  It  is,  however,  <|uite  as  easy,  and  always  better,  to  give 
the  Sgurea  themselves.  Above  107"  F.  the  fever  is  called  h^fperptf- 
rcjia,  and  s  temperature  at  or  above  this  pointy  enduring  for  any 
length  of  time,  is  usually  fraught  with  the  greatest  danger  to  life. 
When  the  temperature  uf  the  body  as  a  whole  reaches  lOy'  to  HO''  F. 
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prompt  nioiwiires  Hre  necea&ary  lo  pre>'ent  dcAth.  As  iti  suiislTbke7 
tlu:>  leniiinatioii  is  possibly  «lue  to  some  decomposition  of  the  tis^ucB. 
So  called  jwradojrico/  temperatures  even  up  to  1^8'  R  have  been 
recorded  as  occiirrir^  in  hysterical  individuals^  and  in  a  few  of  thrin 
the  most  enrcfnl  watching  has  failed  to  tlrtrrt  deceit.  In  some  cii£<rfi 
very  high  lc'm|Kraturc9  have  recurred  n^in  and  a^iin.  Tlu-y  arc 
often  quite  local,  the  temperature  on  the  opposite  side  being,  for 
exainplcj  praetically  nonnal.  They  are  aec<Mnpftnied  by  few  or  no 
symptoms.  Wasting  esjieeially  is  absent.  Hale  White  regards  these 
eases  as  of  central  origin,  due  to  perverted  action  of  .sup|Josed  calorific 
centres,  comparable  to  the  derangement  of  the  motor  centres  iu 
hysterical  hemiplegia.  H}*sterical  ]>ersons  are  verj*  liable  to  disturb- 
ances of  body -temperature. 

High  temperatures  are  generally  accomjwinied  by  cloudy  swelling  of 
the  lissuub,  and,  if  prolonged,  by  fatty  degeneration:  |K)i.sonK  circu- 
lating  in  the  blood  have  very  likely  a  share  in  pnxlucing  this  result 
(p.  6S). 

Apart  firom  rigors  and  chilliness  which  are  usually  JLS!»oejated  with 
the  onset,  the  earliest  symptoms,  as  regards  the  nerroas  ByBtem,  are 
headache,  incapacity  for  self-application,  general  shi^^gishness  of  mind, 
h^ss  of  self-control,  and  hy[K*nrsthesia  of  the  sp<'oial  senses.  Then 
eoiiiCH  delirium — at  6rst  at  night,  and  for  short  ])eriods  only,  but  later 
on  often  iK'Coming  more  marked  and  even  constant.  Vague  muscular 
pains  are  common  in  early  stages :  even  in  their  absence,  unwillingness 
for  excrticm  is  markect  The  muscles  waste  rapidly  and  their  roovc- 
meiits  become  weak  and  trenmlous.  'i'he  nervous  system  has  a  lar|o^ 
share  in  producing  tremor  and  prof^tration,  and  is  res]>onBiblc  for  mich 
a  symptom  as  constant  picking  at  the  bedclothes  (carphology).  In 
fever  the  frcfjucncy  of  the  heart-beats  is  increased.  This  result  can 
Ih*  obtMint'*!  uxperinu-ntjdly  by  the  application  of  heat.  Yet  the 
rapidity  of  the  pulse  bears  no  reliable  proportion  to  the  height  of  the 
temjjcmture.  It  is  much  greater  in  some  diseases  than  in  others,  for 
exjmiplr,  in  scarlatina  than  in  typhoid.  The  heart  among  other 
nmscles  fails  progressively  in  quality  and  power,  and,  as  it  does  so,  its 
beat  becomes  more  frrc]ueut  and  less  effective.  Merc  again  the 
nervous  system  may  be  partly  at  fault — the  inhibitory  influence  of  the 
vagus  bring  impaired.  Similarly,  arterial  tone  is  progressively  loal. 
The  result  of  the  progressive  failure  of  the  heart-force  and  arterial 
l<me  is  that  the  pulse,  which  in  a  liealthy  individual  at  the  commence- 
ment of  a  lojig  fever  is  quick,  full^  strong,  and  often  inclined  to  hardticsa 
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from  high  arterial  tension,  becomes,  as  the  disease  pro^p^^ses,  quicker, 
fter,  and  fuller,  though  no  further  rise  of  temjK'niture  has  occurred, 
le  softness  and  fulness  of  the  pulse  are  due  to  loss  of  arterial  tone 
hilc  the  heart-beat  is  still  strong ;  the  softness  increases  as  the 
tcrial  tone  yields.  Later  on,  the  size  diminishes  as  tlie  still  more 
pidly  l>eating  heart  fails  to  fdl  the  vessels.  L'ltimately,  Uie  pulse  is 
rerj'  small,  soft,  and  frequent,  or  as  it  is  termed,  thrvadtf.  Increasing 
frequency  of  pulse  with  a  steady  or  falling  temperature  is  often 
ganlcd  as  the  sign  of  a  failing  heart;  though  the  "  quality '*  of  the 
rst  sound  really  atfords  an  earlier  indication  of  its  approach. 
Respiratioii  is  quickened.  'J'his  change,  like  the  increased  fre- 
quency of  the  pulse,  is  jKissibly  in  sf>nie  measure  due  t*"*  the  effect  of 
^^tlic  rapidly  heated  blood  -  in  this  case,  on  the  rcspiraUiry  centre,  as 
^H|t  can  be  induced  experimentally  by  similar  means.  The  oxygen 
^^^bsorbed  and  the  carbon  dioxide  exhaled  are  both  increased,  somctimeji 
L       in  exact  proportion  to  the  rise  in  teuj|>cralurt. 

^H  Digestion  is  im[>aired,  for  secretions  from  the  glands  discharging 
^™lnto  the  alimentary  tract  are  dimiuisbed.  Appetite  is  lost  (anorexia), 
and  its  place  is  token  by  thirst.  The  tongue  is  dry  and  often  furred. 
There  is  usually  consti|>ation,  due  protwibly  to  sluggishness  of  the 
intestinal  muscle,  to  lack  of  secretion,  and  perhaps  to  absence  of  some 
of  Uie  normal  stimuli  U»  contraction.  Cxcretion,  as  tested  by  the 
rapidity  with  which  certain  ingesta  appear  in  the  urine,  is  said  to  be 
slow  in  fever.  Although  the  amount  of  fluid  taken  is  larger  than  in 
health,  the  urine  is  small  in  quantity,  has  a  high  specifie  gravity, 
yields  a  copious  precipitate  of  urates,  and  contains  an  excess  of  urea, 
uric  acid,  potassium  salts,  and  pigment  (jvithologieal  urobilin).  The 
chlorides  are  diminished.  VVith  the  exccvs  of  colouring  matter  in  the 
uriue,  may  be  taken  the  fact  that  in  fever  there  is  a  progressive  dtxrro*c 
of  red  corpuscles  and,  according  to  some,  corresponding  incrttuc  in  Uie 
amount  of  iron  eliminnted  in  the  urine.  According  tu  Hayem  both 
karmatobiastj  and  red  corpuscUs  are  less  numerous  during  the  stationary 
period  of  fever.  Directly  the  fall  in  temperature  begins,  the  number 
f  hvmatoblosts  increojies,  reaching  it«  roaxinmrn  a  day  or  two  after 
e  diaappearancc  of  the  fever.  During  the  following  week  it  gradually 
ftinks  to  norma].  An  increase  in  the  number  of  red  corpuseleu  oud  a 
Bunultoneous  diminution  in  the  proportion  of  htnnoghbiH  they  contain, 
osely  follow  the  increase  in  the  hartnatablaoto.  The  n«e  in  the 
percentage  of  bimoglobiu  completes  the  return  of  the  blood  to  its 
normal  *>tate. 
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'VUv  excess  of  urrn  is  one  of  the  earliest  changes,  and  in«y  rvm 
precede  Ihe  rise  of  temperature.  The  excess  is  generally  absolutes, 
Sometimes  it  is  only  relative ;  that  is,  more  is  }Mssed  than  would 
excreted  by  a  lieallhy  man  confined  to  bed  on  a  similar  diet.  There 
is  usually  a  marked  iJicrense  at  llie  commencement  of  defervescence  : 
this  is  most  likely  due  to  an  accumulation  of  its  precursors  in  the  bloocl 
or  tissues. 

POST-MORTEM  RISE  OP  TEMPERATURE— A  ^Viftht 

rise  i)f  U'Mipcraturt;  ottcn  occurs  after  dtHtli,  c'^pe^•i«lly  in  those  dying 
suddenly  or  of  acute  diseases.  It  is  most  marked  in  cvises  of  fever  due 
to  the  presence  of  a  ferment  in  the  blood,  or  in  cases  where  deatlj  aceura 
with  a  high  and  rising  temperature.  Tetanus  is  probably  the  bi-st 
example.  'I'hc  explanation  is,  that  eessjation  of  the  action  of  the  heart 
is  not  accompanied  by  immediate  extinction  of  tissue-change.  Thermo- 
genic processes  continue  for  a  longer  or  shorter  time;  and  thus, 
while  the  prmiuction  of  heat  ccjises  grnduully,  the  loss  of  hent,  being 
largely  dependent  on  the  respiration  and  circulation,  is  cut  down  so 
suddenly,  that  the  rectal  temperature  rises  for  a  brief  interval,  «ad 
tlien  falls  as  usual. 


PATHOLOGY  OP  PEVER.— The  foregoing  account  has  shown 
that  the  essential  condition  in  fever  is  increased  tliennogenrsis  due  to 
increased  breaking-down  of  the  tissues  and  es|>ecially  of  the  muiiclcs  ; 
for  the  functions  of  the  glands,  the  second  great  heat-producing 
organs,  Jire  almost  in  abeyance.  As  we  have  already  indicatcti,  by 
increased  themiogenesis  we  mean  that  a  febrile  patient  will  produce 
more  heat  in  a  given  time  tlian  n  healthy  pers<m  ujnm  the  same  diet 
and  under  similar  circumstances;  not  necessarily  more  than  a  healthy 
person  on  ordinarj*  diet,  though  even  this  may  be  the  case.  While  the 
febrile  patient  takes  less  food  he  al>sorbN  more  oxygen,  and  the 
increase  itt  heat  he  produces  is  due  to  the  exeeasive  combustion  of  his 
tissues.  Traul>c  held  that  diminished  loss  of  heat  ttnik  the  greater 
share  in  the  maintenance  of  the  raised  tem{H*rature  in  the  body  of  a 
febrile  patient ;  and  that  this  was  brought  about  by  an  energetic 
GontnuHion  lyf  the  ve<vsel<i  of  the  skin.  But  such  a  contraction  of 
vetsels  is  by  no  means  constjuil,  and,  when  it  i»crurs,  is  not  of  long 
|>eTvi-«tenee.  Moreover,  a  higli  temperature  and  a  freely  sweating  skin 
o^en  occur  together,  and  ealorimetric  observations  have  actually 
dumunslrated    tlic   increased   thcrmogencsis.     If  suji]>ort   ib  required 
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for  the  view  that  fever  is  dependent  on  increased  destruction  of  tissucj 
it  is  found  in  the  projx>rtionAtely  increased  discharge  of  urea  and 
carbon  dioxide. 

Some  physiologists  believe  that  thermogeneaia  is  under  the  control 
of  a  cerebral  centre  or  centres  which  control  other  tliermal  centres  in 
the  Corel ;  but  in  the  present  state  of  knowledge  it  is  impossible  to 
apeak  certainly  of  the  position  of  these  centres,  of  their  function 
(excitor  or  inhibitory),  or  of  the  {jaths  of  their  aHcrent  and  efferent 
fibres.  The  eirect  <if  cururiMng  an  animal*  would  seem  tt)  demonstrate 
that,  normally,  heat-production  in  muscle — like  contraction — takes 
place  only  in  response  to  a  stimulus  along  a  thermal  (catalwlic)  nerve  ; 
but  it  does  not  prove  the  im(»ssibi1ity  of  dircctlif  stimulating  the 
muscle  to  produce  heat,  especially  as  we  know  it  cjin  contract  after  its 
motor  nerve  is  dead.     It  is  evident,  therefore,  that  the  causes  of  fever 

ay  induce  the  increased  thermogenesis,  either  by  acting  directly  upon 
Ihe  tissues  or  by  acting  on  them  indinrth/  through  the  nervous  jn/stcin. 
n  certain  cases — e.g.,  nervous  or  hysterical  fever,  it  seems  impossible 
that  the  cause  can  act  upon  the  tissues  otherwise  than  through  the 
nervous  system ;  but,  in  the  majority  of  cases,  it  may  act  cither  way, 
and  until  recently  it  has  generally  been  assumed  that  tJie  action  has 
been  direct  from  the  blo«xi  upon  the  tissues. 

Still,  as  we  have  already  shown,  thermogenesis  may  be  increased 
enormously  in  health  without  any  rise  of  temperature,  and  we  mu»t 
therefore  consider  that  fever  also  in\olves  a  disturbance  of  the  hcnt- 
regulating  mechanism,  or  therxnotaxia,   whereby  it  fails  to  itminlnin 

e  balance  between  heat-production  and  heat-loss.  If  this  balance 
were  mjuntained,  as  in  health,  we  should  have  a  stable  temperature 
at  a  higher  level  than  the  nonnal.  But  the  chief  characteristic  of  the 
temperature  in  fever  is  its  variability.  Cold,  food,  excitement,  effort, 
antipyretic  drugs,  all  affect  the  temperature  in  fever  much  more 
markedly  than  the  temperature  iu  health.     As  MacAlister  says,  the 

MacMi&ler  showed  Uiat  the  work-pcrfoniiing  and  heat-producing  functions  of  muscle 
to  accrtaiit  extent  diMinct.  Stimulation  of  a  mujM:uIar  nerve  caused  dilatation  t^  \\t 
;U,  l«m|x>r.tiy  ronlraction  ol  the  muscli:,  and  increased  production  of  heat.  K.itigui: 
»d  cold  both  inlerfercd  with  the  thermogenic  function  long  before  ihry  impaired  lh>: 
>wcr  of  conlraclion.  On  the  other  hand,  [fOiAoning  by  cMran: — which  arts  on  (he  nervc- 
iling«  in  muscle— paralysed  tlie  motor  and  tht^rinogenic  functions  of  the  muscles 
nultuni^ously.  I  fan  animal,  cjptiblcuf  maintaining  a  fairly  uniform  lempcmture  [HtftHiHo- 
tfvtii).  be  poiwned  with  curare,  it  iK'coincs  incapable  of  maintaining'  its  li*m|HTfltun:, 
rhich  accordingly  varie-s  with  that  of  the  surrounding  medium  \f>oikihUftfrmu\,  alihougbJ 
circulation  of  Die  blood  is  unimpaired  and  the  normal  mie  of  respintion  ia  kept  up. 
iHiti,  voL  i.  1687. 
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tolerably  regular  daily  Huctuaiiou  of  the  tcinpemtuTf  in  fever  nhows 
merely  that  alt  the  thermal  processes  are  not  utterly  difiturbed — soine 
which  arc  rhythmic  in  health  renmininfl[  s<»  in  disease. 

Like  inflammations,  fevers  may  be  divided  into  the  infectiTC  and 
uou*lnfecHTe.  The  infective  fevers  are  those  due  to  the 
uutltipliL'ation  in  the  body  of  a  iut(.*ro-|>antsite.  This  explanation 
serves  for  the  ^rouj)  of  '^  acute  specific  fevers,'*  malana  and  febrile 
diseases  in  wliich  there  is  no  inHammntion  present,  at  least  in  the 
early  part  of  their  course.  These  constituted  the  old  group**  of 
primary  or  essential  fevers.  In  some  (typhus,  miliaria)  there  i»  no 
intlumumliun ;  but  in  many,  an  inflammation  H})[>ears  (of  throat,  ncee 
and  eyes,  skin,  intestine) — too  late  and  o(\en  too  slight  to  accoimt  for  the 
fever  j)resent.  There  are  also  the  cases  of  fever  secondary  to  a  wound 
through  -which  orji,^anisms  have  ^lined  access  to  tht-  IxkIv — e.g.,  septic 
infection,  pyicmia,  erysipelas,  and  lymphangitis ;  and  the  large  group 
of  fevers  secondary  to  inHamniations  (inflammatory  fevers),  pruvticAlly 
all  of  which  are  infective.  In  most  i>f  these  *'  sccutuiary  "  fcven*,  the 
pyrogenou!!  materials  are  inanutactured  by  organisms  in  some  definite 
part  of  thf  fiotii/,  and  are  tiience  ciist  into  the  blood. 

In  the  non-infective  group  we  find  6rst  of  all  two  wound 
diseases  :  ( I )  simple  traumatic  fever,  and  (M)  its  more  intense  fonn,  .inite 
septic  poisoning  or  snpnemia  (see  "  Septicemia  ").  Simple  traumatic 
fever  ensues  upon  "simple"  injuries  (contusions  and  fractureK).  It 
is  generally  slight,  and  is  most  probably  due  to  the  absorjition  of  fibrin- 
ferment  (aiul  very  likely  other  pynigenous  bodies)  frt»m  the  seal  of 
injury  :  posaibly  irritation  of  nerves — by  the  original  injury  or  by 
fragments  of  lK)ne  or  tissue — may  have  some  cHect  in  causing  ihe 
fever,  though  vlrung  irritation  of  a  sensory  nerve  causes  depresdon  of 
temjiemtnre.  Aseptic  traumatic  fever  which  occurs  in  ajseptic 
Wounds  is  pnibahly  <lue  to  the  same  causes  as  the  simple  tmunuitic. 
Nervous  (hysterical)  fever  is  supposed  to  be  due  to  the  influencr 
of  higher  over  lower  thermjil  centres.  The  rises  of  tem]>erntnre  which 
occur  in  children,  puerperal  women  and  other  weakly  ndulis  from 
viirious  emotions,  and  other  slight  causes — e.g.,  the  rise  which  is  »o 
commotdy  found  after  an  entert^nmeut  has  been  held  in  n  huK|ut«l- 
ward — seem  to  be  exan»plcs  of  nervous  fever. 

Further,  cases  of  nervous  injury  or  disease  nt>t  uncommonly  i>ccur, 
in  which  one  cannot  help  susjK-cting  cither  that  theruio-iuhibiton' 
centres  or  Sbrcs  ore  destroyed,  or  that  thennogenic  centres  or  fiben 
are   irritated.      Hale    Uliitc    has   brought   a   ]niml>er  of  such 


INFLAMMATION. 


261 


together.  In  a  most  interesting  Ciise  of  bullet-wound  of  the  head 
Rcconipanied  by  fever,  not  otherwise  explained,  it  was  found  that  the 
motor  ftrea  of  the  cortex,  corresponding  to  Kuleuhurg  and  I^ndois' 
heat-centre  in  the  dog,  had  been  destroyed.  The  inliibitory  influence 
of  this  centre  may  apparently  be  cut  off,  or  destroyed  by  sudden  and 
extensive  intm-cranial  hannorrhage,  or  by  haemorrhages,  scleroses  and 
tumours  of  the  brain  so  placed  as  to  destroy  inhibitor)'  fibres  or  to 
irritate  thernir)genic  tracts.  It  has  long  been  known  that  injuries 
and  tumours  of  the  cer\'ieal  cord,  along  which  most  thermal  fihres 
must  ]mss,  are  apt  to  cause  marked  fever.  In  a  girl,  with  a  fnicturc 
of  the  cervical  spine,  'Icale  recorded  a  temperature  of  190"  F., 
recover)'  ultimately  occurring:  some  regard  this  as  an  instance  of 
hysterical  fever. 

Lastly,  there  are  many  fevers  of  whose  pathology  we  are  still 
ignorant^-r.^.,  the  fever  met  with  in  various  amemic  states,  In  lympha- 
denoma,  and  occasional  cases  of  malignant  disease. 


CHAPTER   XX. 
INFLAMMATION. 

Inflammation  may  be  defined  as  "  tlie  succession  of  changes  wliich 
lakes  place  in  a  living  tissue  as  the  result  of  some  kind  of  injury, 
provided  that  this  injury  be  insutiieient  immediately  to  destroy  its 
vitality  "  (Sanderson). 


HISTOLOGY. — The  exact  nature  of  these  changes  was,  for  the 
most  part,  ascertained  by  the  experimental  researches  of  Cohnheim. 
The  method  of  investigation  consisted  in  the  artificial  production  of 
inHainmation  in  transparent  j^arts  of  the  lower  animals,  and  in  the 
observation  of  the  process  thus  induced.  The  parts  employed  have 
been  the  foot,  torigue,  and  mesentery  of  the  frog;  the  tongue  of  the 
toad  [the  best  for  many  purposes)  ;  the  mesenter)*  of  the  rabbit ;  and 
the  wing  of  the  bat.  The  similarity  of  the  different  observations  has 
shown  that  tlie  process  is  essentially  the  same  in  warm  and  cold- 
blooded animals ;  and  by  microscopic  examination  of  the  lip  by 
reflected    light,    Hiiter   proved   that    it   is   the   same    in    man.     Tlic 
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Process    of   Inflammation    is    generally   deseribetl    under    three 

headings  : — 

1.  Changes  in  the  biood-irxjse/s  and  cimiiatwu. 

2.  Exudation  o/\fliiid  and  of  U(>t>d-<-i}rjmsvlet!  from  thr  itjutAi. 
.S.  Changes  in  the  inflamed  fisxues. 
Thou^li    separated    for   pnrjjoses   i^^  description,    it    must    not    be 

supposed  that  these  changes  occur  succeaMvely  in  the  order  in  which 
they  are  placed  ;  on  the  contrarj',  they  alt  go  on  together. 

].  Changes  in  the  blood-vessels  and  circnlation^Changes  in 
iHflh  1)1<mk1- vessels  and  circulation  arc  afvfoiittvly  exxcnttal  to  the  existence 
of  inflammation.  'i*hjs  is  true  of  non-vnscular  as  well  as  of  vaAcular 
tissues.  In  the  former,  which  comjirisc  the  cornea  and  cartilage, 
the  changes  occur  in  the  adjacent  vessels  from  which  these  ti«tuc« 
derive  their  nutritive  supply.  The  nature  of  the  changes  way  br 
studied  in  the  mesentery  of  a  curarised  frt>g.  Brieflvj  they  are  ms 
follows : — 

The  first  rffect  of  injtiry  of  the  mcsenterj' — mere  exjwsure  to  the 
air  being  suHicient  for  the  purjKise — is  to  cause  dilatation  *  of  tiie 
arirries,  which  gradually  extends  to  the  veins  and  capillaries.  The 
dilatation  of  the  arteries  c<mimcnce5  at  once,  and  is  not  preceded  by 
any  contraction.  It  increases,  steadily  and  slowly,  for  alN)ut  twelve 
hours,  and  is  accom|tanied  by  an  increase  in  the  length  of  the  vessels, 
80  that  they  become  more  or  less  tortuous.  It  affects  the  arteries 
chieriy,  then  the  veins,  and  slightly  the  cajnllaries.  'J'his  CMlargenient 
of  the  blood-vessels  is  associated  at  the  connnencenient  of  the  procxifls 
witli  an  acceleration  in  the  flow  of  blood,  which,  however,  rarelv 
lasts  more  than  an  hour,  except  in  the  outlying  parts,  and  is  followed 
by  a  considerable  retardation  in  the  circulation^  the  vessels  sUU 
remaining  dilated. 

Pulsation  is  now  evident  in  the  smallest  arteries ;  and  the  stream  is 
slow  enough  to  allow  the  oliserver  to  distinguish  individual  corpuscles 
in  tlie  capillaries  and  smaller  veins — perhaps  even  in  the  arterioles. 

It  has^  however,  long  t>een  known  that  the  acceleration  of  the  blond- 
flow  in  an  injured  part — the  so-called  dctenn'uuUion  oj  hlottd — is  not 
constant,  and  oAen  subsides  without  the  occurrence  of  any  of  the 
characteristic  phenomena  of  inflannnation.  Cohnhetm  considered  that 
dilataiiun  of  vessels  tnth  increased  relwittf  of  the  blood-current  ensuing 
immediately  after  the  infliction  of  an  injur)'  is  accidental.     In  soro« 

*  Wkh  oenain  irhtanu.  as  araoionia.  a  tbori  conuaalon  of  the  arterioles  may  be  the 
fintrvralL 
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«  it  is  followed  by  contraction,  after  which  rUiti/aiitm  with  diminishcti 
Wiwritif  commences.  This,  on  the  other  hi'iiiil,  comes  on  slowly,  is 
constant,  and  persists  as  long  as  the  crtiisc.  I)i/alation  with  Himmishrd 
\^lociiy  must  be  regarded  as  the  essential  vascular  change  of  the 
inflammation. 

Returning  to  the  observation  of  the  frog's  mesentery — the  retard- 
ation of  the  circuhition  in  the  dilated  vessels  is  sometimes  seen  to 
e  place  somewhat  suddenly,  and  is  usually  first  observable  in  the 
Ins.  As  the  stream  gets  slower,  increasing  numbers  of  white 
corpuscles  arc  seen  in  the  |>eriaxial  stream  of  the  xrnaUcr  vritts — rolling 
slowly  along,  stopping  here  and  there,  and  finally  coming  to  a  stand- 
still. Thus  the  smaller  veins  become  lined  with  leucocytes  as  with 
a  sphertjidftl  epithelium,  often  more  than  one  cell  in  thickness.  Some 
stick  in  the  capillaries.  The  time  at  which  the  change  occurs  varies. 
The  severer  the  injury,  the  earlier  this  layer  of  leucocytes  is  formed, 
,'bc  narrowing  of  the  veins  by  layers  of  leucocytes,  among  which  there 
no  red  corpuscles,  seems  to  increase  the  obstruction  to  the 
circulation,  which  l>ecomes  slower  and  slower,  pt»ssibly  both  on  this 
account  and  because  the  damage  is  becoming  greater.  The  red 
corpuscles,  with  some  white,  accumulate  in  the  capillaries,  which 
appear  as  if  distended  by  a  red  injection-mass.  Actual  measurement 
shows  that  they  may  be  one-fourth  larger  than  natural.  After  a  time, 
aII  onward  movement  ceases  in  the  capillaries,  and  their  contents 
,way  to  and  fru  with  the  pulse.  This  is  the  stage  of  osciUation ; 
d  it  is  succeeded  b}'  that  of  BtaaiB,  in  which  no  movement  of  any 
ind  occurs  ;  but  the  blood,  though  stationary,  may  remain  Huid — for 
as  long  as  three  days  in  the  bat's  wing.  Finally,  thromboBis  or 
i*oagulation  may  take  place,  but  not  until  the  capillary  walls  are  dead. 
Thrombosis  puts  an  end  ttt  that  escape  of  corjjuscles  from  the  vessels 
which  will  l>e  treated  of  in  the  next  paragraph. 

These  changes  in  the  circulation  may  he  thus  summarised  : — 
1.  IHlatation  of  small  arteries,  then  veins,  and  lastly  capillaries. 
Acceleration  of  blood-current,  quickly  followed  by  gradually 

incrc.'i'^ing 
Retardation   of  blood-current — first   observed    in   veins — and 

simultaneously  with  this, 
Lencocytea  in  large  numbers  fall  into  periaxial  stream,  and 

lag  b*'l\in(l. 
Pulsation  in  smallest  arteries,  oscillation  of  blood-stream,  and 
perhaps  stasis. 
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'2,  Escape  of  Fluid  and  Blood-Corpuscles  from  the  Vessels. 

— 'Hie  circulatory  arul  viisciiiur  clinrtjjes  luivc  been  ilescrilitrd  aa  if 
they  were  the  only  plienomeiin  of  inHamiiiJition.  Hut  this  is  far 
from  being  the  case.  Soon  after  the  veins  become  lined  by  white 
corpuscle*),  the  field  becomes  more  nml  more  obscured  by  the  presence 
of  small  round  celK  in  the  substance  of  the  mesenterj*.  At  even  an 
earlier  period,  thongli  the  microsc()|>e  does  not  show  it,  the  Huid  Mrliich 
naturally  escapes  from  Uie  vessels  increases  greatly  in  quantity,  and 
changes    in   quality.     As  sotm  as  the   lymphatics  broome  unable   to 
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KiG.  104.— ^iiA'irAiNft»tfj  Tissue  some  JiitaHce  ahoit  dmd  fart  in  a  CoJt 
of  SpnadiH/ CiiNgrrne,  Three  veins  packed  \hith  Irucocyie*  (/),  whidl 
are  eKnpinf;  freely.  Round  the  artery  (below)  there  are  none.  Out> 
tide  ibc  vessels  auoy  larger  crlls  arc  seen,     x  aoo. 

carry  it  off,  it  accumulates  in  the  conn eotivc-t issue  spaces,  and  causes 
swelling,  llirsc  Anally  l}ee«nnc  insutlicicnt  to  hold  It,  and  it  therefore 
esca[>e*i  on  tlie  surface  together  with  a  number  of  the  small  round  cells. 
Here  a  coagulum  forms,  eonsi>ting  of  fibrin.  Mnall  round  cells,  and  ^ome 
red  bloocT-coriMiscles.  This  false  membrane  can  l>e  removed,  and  tbe 
fipld  clciired  for  iil>serv:ition,  until  another  inembnuic  forms, 

a.  Source  of  the  New  Cells.— If  a  small  vein  lined  liy  leucocytrs 
be  carefully  wulrhfd,  the  following  changes  will  be  seen — |Mrrhap«  at 
oncc,j»crhAjM  not  for  Aomc  time.     Some  of  the  Jcucocytcs  ijumedlatclj 
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mlJHcent  to  the  wall  frrnilually  sink  into  tt^  and  pHss  thraugh  into  the 
surrounding  tissues.  Various  stages  of  their  jiassagc  may  be  observed. 
At  first,  small  button-shaped  elevations  appear  on  the  outer  wall  of 
the  vessel.  These  gradually  increase  until  they  assume  the  form  of 
pear-slmped  bodies  adherent  by  their  small  ends  to  the  vessel-wall> 
often  sending  out  processes  whilst  so  attAched.  Comil  and  Ranvier 
say  that  if  an  adherent  leucocyte  is  torn  from  the  wall  and  swept  on» 
the  adherent  part  is  "  fingered,"  and  von  Uecklinghausen  has  described 
the  part  mthin  the  vessel  (in  u  tadpole's  toil)  as  sending  out  processes. 
Ultimately,  the  small  pcdid*?  »f  protoplasm  gives  way,  and  the  jHissage 
is  complete,  the  corpuscle  remaining  free  outside  the  vessel.  A  similar 
ipe  takes  place,  but  to  a  less  extent,  from  the  capillarirs. 

As  a  nde  in  inflammation  the  escape  of  white  corpuscles  greatly 
exceeds  that  of  the  red ;  but  in  the  most  severe  cases,  in  which 
stagnation  is  induced  in  a  large  number  of  capillaries,  the  usual  state 
of  affairs  may  be  reversed  (Fig.  I  I'i,  p.  ^H7).  From  such  capillaries  the 
red  corpuscles  pass  out  in  great  numbers,  occupy  the  interstices  of  the 
tissues,  and  give  the  exudation  a  hiumorrhagie  character.  On  the 
other  hand,  when  "  retardation  "  has  not  culuniiated  in  "stasis,"  most 
red  corjHiscles  remain  within  the  vessels  and  pass  along  through  the 
inflamed  area,  whilst  the  white  adhere  to  the  walls.  The  intensity  of 
the  injury  and  profusion  of  capillaries  determine  the  proportion  of  red 
corpuscles  in  an  exudation.  These  pass  out  chiefly  from  the  capillaries, 
and  several  may  escape  in  quick  succession  from  one  place,  giving  rise 
to  a  red  spot,  visible  to  the  naked  eye  as  a  punctiform  haemorrhage. 
No  rupture  of  vessel  occurs,  as  may  be  shown  by  injection. 

Both  red  and  white  corpuscles  at  first  remain  near  the  vessels 
whence  they  have  escaped ;  but  they  are  soon  pushed  away  by  other 
corpuscles,  or  washed  on  by  the  escaping  fluid.  The  white  corpuscles 
have  in  addition  their  own  |>ecu1iHr  power  of  locomotion.  Thus  they 
may  ultimately  be  found  far  from  their  place  of  egress. 

But  are  white  blood-corpuscles  the  only  source  of  the  numberless 
round  cells  which  crowd  the  tissues  in  every  inflammation  but  the 
most  trivial  ?  Virchow  advanced  the  view  that  they  all  arose  by 
mulliplication  of  connective- tissue  corpuscles.  Addi.son,  in  1842, 
inferred  from  his  observations  that  leucocytes  passed  through  the 
vessel-walls  and  became  pus-cells;  and,  in  184(),  Waller  actually  saw 
them  escaping.  These  observations  were  unheeded  until  Cohnheim, 
in  1867,  asserted  that  all  new  cells,  fonned  in  the  tissues  as  a  direct 
result  of  injury,  were  escaped  white  corjm&cles  which  had  migrated  to 
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the  sptifr  where  tho)-  were  found.  And,  in  s])ite  nf  o|>]x»sitmn,  this  vfci 
hjis  held  its  jcrt»und ;  nml  rtlJ  orginuents  and  ex|K-rinieut!*,  ndvaiiced  to 
tihow  that  thr  small  iMund  cells  of  mWr  inflmnin.'ition  are  due  to  the 
multiplicntiim  ni'  fixed  trssne-cells,  have  proved  incnuclusivr.  K\pcri- 
mcnts  have  amply  shown  tlint  inifrratinn  of  leucoeytes  will  give  rise  to 
all  the  appearances  noticed  ;  bnt  it  is  difficult  to  exclude  the  jHurihilitjf 
uf  the  multiplication  of  the  fixed  cells. 

Cohnheinii  however,  believed  that  the  subsequent  regeneratiou  of 
tissues  WH8  Also  due  to  the  development  of  leucocytes ;  but  this  part  of 
his  ronrliisions  is  now  (generally  disputed. 

Thr  foJlowinfT  niclhod  Iuls  l>oen  adopted  to  show  tlint  leucoe3rt«s  cam 
prcMbicr  nu  inHltralion  of  tissue  witli  small  round  cells  without  thr  aid 
of  tile  A'jYf/  elemenU.  A  cornea,  or  other  piece  of  tissue,  the  cells  of 
wliieb  were  suspected  of  multiplying  is  excised,  kept  for  some  diiy% 
rendered  aseptic,  and  then  placed  in  the  peritoneum  or  subcutaneous 
ti.ssue  of  u  living  animal.  On  .sul>sequent  examination  clumps  of  small 
mund  cells  are  always  found  in  positions  normally  occupied  by  ttssac- 
corpuscles ;  but  multiplication  of  the  latter,  which  were  presumably 
dead,  was  clearly  im|>ossible.  Thv/tsrtl  connective-tissue  cells  lie  in 
spiMes  and  clcfls.  and  the  mitcrating  cells,  taking  the  easiest  ccmrsp 
open  to  them,  invade  and  accumulate  in  these  spaces  and  around  the 
fixed  cells. 

The  mm-vascular  tissues,  and  cs|)ecially  the  cornea,  were  the  last 
strongholds  of  those  who  maintained  tluit  these  cells  originated  from 
nudliplying  connective-tissue  corpuscles,  Biittcher  showed  tlwt  aflrr 
slight  central  injuries  of  the  cornea  with  nitrate  of  silver^  which  cauftcd 
no  affection  of  the  surrounding  vessels,  the  sites  of  the  cornea!  cor- 
puscles in  the  neigldx)urhiwKl  were  occupied  by  cluni|M  of  embryonic 
cells  which  he  believed  could  have  been  fnnned  only  by  uiultiphcation 
of  the  fixed  cells.  Cohnheim  pointed  out  that  the  new  cells  might  be 
leucocytes  which  had  migrated  from  the  conjunctival  sac;  and 
Senftlel>en  proved  that  this  was  their  source.  This  obser\cr  succeeded 
in  applying  to  a  minute  5]>ot  in  the  centre  of  the  anterior  surface  of 
the  cornea,  a  soliiti<m  of  chloride  of  rinc,  which  soaked  through  thr 
dense  anterior  corneal  lamina  without  destroying  it.  By  this  method 
he  found  it  was  {M)ssil)te  to  kill  the  corpuscles  in  a  small  central  area  of 
tlic  cornea  without  affecting  the  marginal  vessels.  The  s]K>t  rrmaineil 
clear,  and  no  clumps  of  embrycmic  cells  were  found.  But  if  tlic  sjwt 
irritated  was  near  tl»c  umrgiti  of  the  cornea,  the  nciglilwuring  vessels 
dilated  and  the    damaged  area  became  cloudy  from  infiltration   with 
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leucocytes.  If  to  the  slig)»t  eeiitral  injiirv,  first  desoiilietl,  a  cut  or 
6titch  through  the  anterior  lamina  was  added,  ojiacity  of  the  cornea 
and  infiltration  of  corpusck*s  from  the  conjunctival  sac  occurred  simul- 
taneously. It  seems  therefore  that  CoJuiheini  was  right  in  supposing 
that  the  small  roimd  cells  found  in  inHnmed  tissues,  as  a  direct  result 
of  the  injury  which  caused  the  process,  were  escaped  leucocytes.  A  few 
of  the  cells  maj'  be  due  to  dcgeneratire  changes  (p.  80). 

Moreover,  in  the  less  acute  forms  we  find  cells  which  are  formetl  by 
regmeratiw  processes  going  on  in  the  cells  of  the  tissues  ;  but  these 
can  and  must  be  slinrply  distinguished  from  lliose  we  have  l»eeii 
discussing  (p.  id(i8). 

BKudation   of  Fluid. — As  before  stated,  one  of  the  earliest 

ccts  of  the  ^■asc•uirtr  changes  in  inHammation  is  increased  exudation 
of  fluid.  This  was  noted  in  tlie  microscopic  examination  of  the  in- 
flamed mesentery*,  but  other  experiments  show  the  process  much  better. 
Lassar  tied  a  cannula  into  a  large  lymphatic  of  each  hind  leg  of  a  dog. 
He  then  stopped  the  circulation  in  one  leg,  and  dipfied  this  into  water 
at  130^  F.,  thereby  exciting  acute  inflammation.  On  removing  the 
fillet  the  lymph-stream  from  the  cannula  at  once  exceeded  the  nonnal, 
and  so<m  readied  eight  times  that  on  the  sound  side.  At  first  the  fiuid 
was  clear;  but  after  a  time  increasing  numbers  of  wlxite  corpuscles 
made  it  cloudy,  and  red  corpuscles  were  also  found  in  small  numbers. 
Swelling  of  the  foot  began  while  the  flow  of  lymph  was  free,  evidently 
because  tlie  exudation  was  too  rapid  to  be  conveyed  away  by  the 
lymph-channels,  even  when  fully  dilated.  Later  in  the  experiment 
the  flow  diminished,  partly  because  exudation  diminished  as  pressure 
on  the  vessels  (from  effusion  beneath  the  skin)  rose,  and  [wirtly  from 
coagulation  in,  and  consequent  blocking  of,  lymphatics.  The  lymph 
collected  difl'ered  from  the  exudation-fluid  in  mechanical  hypera'min 
in  eontaijiing  a  much  larger  proportion  of  idbumin,  and  in  having  a 
much  greater  tendency  to  coagulation.  This  latter  property  varies 
with  the  number  of  white  corpuscles  which  it  contains.  The  lymph 
diflered  from  liquor  sangtiinis  in  containing  less  albumin  and  having  a 
sligliter  tendency  to  coagulate.  The  composition  of  inflanmiatory 
effusion,  however,  is  not  constant.  In  the  most  acute  inflammations 
it  contains  a  large  nuint>er  of  red  corpuscles;  in  less  severe  fonns 
white  corpuscles  are  greatly  in  excess  of  red.  In  the  more  severe 
inflammations  tlie  fluid  approaches  plasma  in  its  composition  and 
tendencies ;  whilst  in  the  less  severe  it  becomes  ver)*  like  the  fluid 
ill  mechanical  hypenemiu.     It  also  varies  according  to  the  part  from 
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which  it  comes.      A  mild  degree  of  peritoneal  inflammation  wilt  |i(ro 
duce  lui  effusion  c<iiitaii»in((  more  proteid  matter  th/iii  n  fur  severer 
iitHarnmfttion  limited  to  the  lej;?  (p.  U20). 

S.  Changea  in  the  Inflamed  Tissaes.  —  Intlamed  imrtb  ore 
soft,  and  the  com|)onent  tissues  arc  blurred  or  nlto^ethcr  indtstiugutakh- 
ablc.  Microftcopicjilly,  the  tiHsue-elcments  are  at  Hrst  sejMiratecl  by 
fluid  and  olMcured  by  leucocytes  and  flbrin  filaments.  The  tiMue-cclls, 
when  not  olvscured  by  leucocytes,  are  either  structureless  maRsr«  from 
rcHi^ulative  necrosis  or  an-  under^uiij^  fatlv  defeneration.  The  tissup- 
fibrcs  are  swollen  and  indtstiaet :  they  ultinmtely  degenemlc.  Red 
corpuscles  are  found  in  eveh  moderately  Hcvcre  inflammation*^  The 
chanf^es  in  the  esea|)cd  leucoeyte<i  and  the  actual  dcslnietion  of  tissue^ 
will  be  described  subsequently,  ^ 

Wc  nmst,  however,  here  fioiiit  out  that  rei^enerative  processes 
are  sometimes  discoverable   in   the   cells  of  an  iiiHaiued   arci,  as  the  m 
foUuwinf^  experiment  shows.  I 

When  Senftlebcn  (p.  ii(ii)),  with  cldoride  of  zinc.  df«itrovfd  all  eelK 
in  the  centre  of  a  cornea  without  admitting  any  white  coqwisclcs  to 
the  area,  the  part  remained  quite  clear,  and  shnwe<1  no  naked-eye 
change.  But  on  the  third  day  microK»ipic  examination  f^howed  that 
tlie  corneal  corpuscle!*  around  the  damaged  area  were  shootiuj^  |iro- 
eejiscs  into  it.  Nuclei  app«-are«l  on  the  process<^s  ;  pn>toplasm  collectrd 
around  them  ;  and  branched  cells  formed,  which  again  threw  out  re- 
generative processes;  and  so  the  corneal  eorpuntMen  were  c<»mplelcly 
restored.  Had  leucocytes  been  admitted  to  the  corneal  tis&ue,  ooo 
troversy  would  have  arisen  as  to  whether  they  also  did  not  spring 
the  cells  by  multiplication;  but,  inflammatory  phenomena  lieinip' 
prevented,  the  regenerative  processes  could  be  studied  alone.  In 
other  tissues  als<i  regenerative  processes  occur — the  more  resintant 
elements  endeavouring  to  make  good  the  loss  sustained  by 
tissue ;  but  such  attempts  are  found  mainly  in  chronic  and  subs 
inflammations.  In  these  we  must  be  prepared  to  And  evidence 
cell-umlliplicrttion,  which  will  be  more  marked,  and  commence  M»oner, 
when  the  injury  is  slight.  The  greater  the  injury,  the  inorr  marked 
will  l>e  the  drgntrrative  changes,  and  the  icss  marked  the  rrprnrratwe. 
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TH£  ESSENTIAL  LESION  OF  INFLAMMATION.—  ^ 

Having  thus  briefly  described  the  ^utii-ssxin  of  changes  which  oceturj 
in  the  process  of  inflammation,  we  may  next  consider  how  an  iajiuyj 
produces  them.     An  injur)-  has  l>eeu  held  to  cause  abnormal  condil 
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of  the  blood,  of  the  tissues,  of  the  nerves,  and  of  the  blood-vessels. 
On  one  or  more  of  these  it  must  necessarily  act. 

There  is  no  reason  for  supposing  that  the  blood  is  necessarily 
dninnjjcd.  We  can  see  that  while  llie  circulation  round  a  microscopic 
iiiHummation  proceeds  in  u  nonnal  nianuerj  any  corpuscles  entering 
this  region  tend  to  stick  to  each  other  and  to  the  vessel-walls  (p.  263) ; 
but,  when  they  get  through  the  |»art  again,  they  go  on  towards  the 
heart  quite  nomially  as  before.  Further,  blood  drawn  from  an 
iuilamed  urea  behaves  exactly  like  that  from  other  parts. 

The  tissue-elements  are  certainly  affected  in  cases  due  to  obvious 

j.vternal  injury,  and  probably  in  all  otliers.  but  Cohnheiui  endeavoured 

to  show  that  injury  to  vrsseh  atone  would  give  rise   to  inilimmiutioii. 

He  injured  the  vessels  of  a  part  by  withdrawing  the  blood  from  them 

Fmnd  then  injecting  them  with  irritating  solutions.     On  allowing  blood 

to  flow  through  the  |wrt  again,  he  found  that  all  the  phenomena  of  in- 

.Hammation  ensued.     It  is  therefore  jxnwible  to  pnxluce  inflammation 

iby  injury  of  the  vessels  alone,  if  we  can  be  sure  that  in  this  experiment 

:lie  irritant  did  not  piLss  through   to  the  tissue^;  and  damage  ikem  as 

'veil.      Conversely,  injury  of  a  non-vascular  ti•^sue  which  does  not  at 

the   same  time  affect   vessels,  is  not  followed  by  the  phenomena  of 

inflammation  (p.  ^()H). 

Sensury  and  vaso-motor  nerves  must  often  be  affected  by  irritants, 
aiul  no  doubt  tiike  their  part  in  producing  those  variations  in  caHbre 
and  flow  which  often  precede  the  essential  phenomena  of  inflammation. 
But  as  all  these  latter  occur  with  perfect  regtdarity  in  a  part  of  which 
evei7thing  except  the  main  artery  and  vein  are  divided,  nerves  caimot 
be  regarded  as  essential  to  the  process. 

There  remains,  then,  only  the  Tessel-walL  That  this  is  affected  is 
shown  by  the  facts  that  the  earliest  phenomena  of  inflammation  are 
vascular ;  that  injury  of  vessels  causes  these  phenomena  :  that  injury 
confined  to  non-vascular  tissues  does  not  cause  them.  Further,  Ryneck 
has  shown  that  stasis  may  be  prtxlueed  in  the  frog's  web  in  which  milk 
or  detibrinated  blood  is  circulating  in  place  of  normal  blood  ;  and  also 
that  in  vessels,  the  vitality  of  which  has  l)cen  completely  destroyed  by 
the  injection  of  metallic  poisons,  no  such  stasis  can  be  prtxlueed.  In 
all  s|M>ntaneous  inflammations,  the  cause  is  probably  carried  to  the  part 
by  the  blood,  acting  primarily  upon  the  vessels,  and  secondarily  upon 
the  tissues. 

There  is  no  detect;ible  structural  alteration  of  the  vessel,  however, 
so  Cohnlieim  sj>oke  of  the  change  as  '*  molecular,"  and  regarded  it 
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Hs  possibly  cliemicul  in  nature.  To  cover  all  that  we  now  know  of  the 
escape  of  fluid  and  corpuscles,  it  is  necessary  to  assume  timt  the  molecular 
change  not  only  increases  the  friction  between  the  blood  ami  the  veajiel- 
wttll,  but  also  that  it  renders  the  Utter  more  "permeable"  (p.  220). 

EXPLANATION  OF  THE  MICROSCOPIC  PHB- 
NOMENA. — When  contraction  of  arterioles  is  the  first  trt'cct  of  an 
irritant,  it  i**  probably  due  to  its  action  iis  a  direct  stimulant  of  the 
vessel-wall ;  but  nothing  is  really  known  on  this  jwint. 

Dilatation  with  Acceleration  of  flow  may  probably  occur  in 
two  ways.  (1)  Irritation  of  a  sensory  nerve  is  well  known  to  causic 
dilatation  of  the  arteriolt-s  in  its  own  area  of  distribution.  The  action 
of  an  irritant  not  sufficiently  intense  to  pandyse  the  vessels  at  once,  will 
stimulate  the  sensory  nerves  and  cause  this  reflej:  local  flUataiitm.  The 
arterioles  dilate  and,  the  blood-pressure  being  maintained,  a  larger 
quantity  of  blood  is  admitted  to  their  eapillurieSj  which  eaimot  dilate 
prciportionally.  The  blood-pressure  in  the  capillary  areas  is,  eeirri* 
fuirihus,  raised  in  proportion  to  the  increase  in  tJie  cross-section  of  the 
supplying  arterioles.  L'nder  these  circumstances  acceleration  of 
stream  will  accompany  dilatation  of  vessels.  The  walls  of  Uic  latter, 
tieing  uninjured,  may  contract  at\er  such  dilatjition.  (2)  Bat 
Cohnheim  found  Uiat  tlie  same  phenomena  occurred  in  the  frog's 
tongue,  after  section  of  everything  except  the  lingual  arteries  and 
veins.  They  are  then  due,  perhaps,  to  tiirecf  adiutt  vf  thr  imtant  upon 
ikt  local  vasvnlnr  nmntua  jtyatcm»  which  maintains  a  certain  "  tone  "  in  the 
vessels  even  after  section  of  the  sympathetic.  Dilatation  of  artrrie* 
diminishes  the  resist-ance  to  the  How  of  blood;  injury  of  endothelium 
increases  it.  If  the  former  is  in  excess  of  the  latter,  the  above 
phenomena  will  occur.  'Hiey  are  not  seen  in  severe  injuries,  nor  ftom 
the  slow  action  of  croton-oil  on  a  part.  The  acceleration  is  mott 
niarkrd  in  the  'nitlying  parts  c»f  the  iriHamed  area. 

Dilatation  with  Retardation  of  flow.  —  Hetardation  soon 
foUitws  u|K>n  acceleration,  though  the  driving  force  continue**  unaltered 
luul  no  contraction  of  vessels  has  occurred-  Almost  the  only  conc«iv- 
ttble  cause  of  slowing  is,  therefore,  increased  local  resistimce,  due  lo 
alteration  in  the  vcs»el-wall,  It  is  one  ot  the  results  of  the  molecular 
chanf^e.  Ucsistanee,  an<l  thrrrfon*  retardation,  increases  »itli  the 
alteration  of  vessel-wall  until  stasia  lUid  even  thrombosis  are 
reached,  the  latter,  in  the  ease  of  capillaries,  prolwibly  implying  death 
of  the  j«rt. 
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Escape  of  Contents  of  Vessels.^Numiall^',  the  vessels  |>eni)iL 
the  eseajK'  of  fluid ;  for  healthy  lymph,  ccrebro-spiiial  fluid,  and  the 
fluid  which  moistens  the  pleura,  are  &11  derived  from  the  blood. 
These  fluids  differ  from  each  other  in  many  particulars.  These  differ- 
ences depend  on  that  8j>ecial  quality  which  we  Iiave  spoken  of  as 
"permeability"  (p.  2^0),  and  which  Heideuhain  regards  as  an  active 
secretorj'  process.  Directly  an  inflammation  sets  in,  the  normal  fluid 
ofthepurtis  changed  in  proportion  to  the  intensity  of  the  process 
(p.  2(17) — the  quantity  of  albumin  rises,  the  tt^ndency  to  coagulation 
increases,  rtnd  corpuscles  appear  as  already  described  (p.  2()5).  All  this 
is  attributed  to  a  molecular  chauge,  which  renders  easier  the  escape  of 
proleids,  a.s  has  been  shown  by  injecting  sohititnis  of  such  Ixidies; 
though  the  vessels  bure  the  nunnal  blood-pressure  without  bursting, 
even  after  red  coqiuscles  had  escaped. 

It  is  generally  stated  that  heavy  prirticlcs  are  drawn  into  and  carried 
along  by  the  swift,  axial  stream,  and  that,  when  the  p^irticles  in  such  a 
stream  are  of  diflerent  weights,  there  is  a  tendency  for  the  lighter  to 
be  thrown  towards  the  circumference.  Thus  the  leucocytes,  being 
lighter  than  the  red  corpuscles,  eonse(]uently  pass  into  the  periaxial 
stream  whenever  the  current  is  slowed  beyond  a  certain  |Hiint.  They 
lag  behind  because  they  are  in  the  more  slowly  moving  stream.  These 
phenomena  will  therefore  most  readily  occur  in  the  slower  parts  of  the 
blood-current  (veins).  But  this  explanation  is  insutlicicnt,  as  leuco- 
cytes weighted  with  jwirticles  oi  vermilion  act  in  a  precisely  similar 
manner.  Many  observers  maintain  that  the  difl'erence  between  the 
speciHc  gravity  of  the  suspended  particles  and  of  the  whole  fluid  repre- 
sents the  tendency  the  particles  have  to  fall  out  of  the  stream  (p.  '226). 

With  regard  to  the  migration  or  diapedesis  of  corpuscles,  the 
words  are  ill-chosen  as  regards  the  red  corpuscles,  which  can  take  tw 
active  pari  in  their  escape.  Moreover,  it  is  plain  that  the  force  which 
drives  out  the  red  corpuscle  when  lying  against  the  vessel-wall,  will 
act  also  upon  tlie  similarly  situated  leucocyte.  It  was  ftirmrrly 
thought  that  thene  manifested  no  signs  of  activity  whilst  they  were 
within  the  vessels,  but  many  observers  have  shown  that  they  do. 
^Further,  von  Recklinghausen  hiis  seen  a  pigment-cell  iik  an  adult  frog 
work  its  way  into  a  rnpillury  and  while  thert*  svnd  out  processes.  He 
argues  from  this  that  a  leucocyte  can  work  its  way  out :  at  any  nite  we 
[must  admit  that  leucueytes  probably  are  able  to  do  something  towards 
their  esca|)e. 

The  influence  uf  tNlrttvasaifar  jtmnntre  uj>ou  diapedesis  is  uncertain. 
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Compression  of  the  supplying  artery  will  generally  Ktop  the  rao«t 
active  migratiun.  On  the  other  huiul,  arrest  of  the  heitrt's  action  iti 
the  tadpole  has  no  such  effect.  The  results  of  cxperinicnls  deviHcd  to 
show  the  effect  of  vaso-motor  paralysis  are  also  contradictory.  \Vhi1c 
in  the  majority  of  eases  vascular  dilatation  favours  diapcdesis,  thrrc 
are  many  exceptions  to  the  nde.  Metchnikofl*  compares  the  results  of 
inoculating  two  guinea-pigs  under  the  skin  of  tlie  ear,  one  with 
tubercle  bacilli,  the  other  with  the  vibrio  Metehnikowii :  in  the  firat 
animal,  the  dilatation  will  be  flight  and  the  diH|>edesis  considerable  ; 
in  tile  sroond,  the  dilatation  will  be  marked,  while  there  will  be  scarcely 
any  diapedesis  at  all.  If  a  frog's  mesentery  be  moistened  with  a  solu- 
tion of  quinint?  no  diapedesis  will  occur,  though  from  their  subsequent 
behaviour  it  caxi  be  xhowii  thai  the  leucocytes  arc  not  [^ral^^sed.  Ha* 
the  quinine  a  repellent  action  on  the  leucocytes  or  dua^  it  prcNluGe 
some  inexplicable  resistance  in  the  vessel-wall  ?  The  latter  view  is 
opposed  to  all  we  know  of  the  phenomena  in  question  ;  and  Metchn^ 
koff  accordingly  accepts  the  former  explanation,  and  considen  that 
diapedeus  mainly  depends  on  some  variable  quality  possessed  by  the 
leucocyte  which  causes  it  to  seek  or  to  avoid  the  vessel-wall.  Others 
are  inclined  to  attribute  differences  in  the  l)ehaviour  of  the  leucocytes 
to  differences  in  the  chemical  conditions  in  the  environment. 

Destruction  of  tissue  is  due  to  the  damage  done  by  the  injury 
to  the  elements  of  the  part,  to  abnormal  physical  and  chemical 
conditions  produced  by  the  exudation,  to  the  peptooising  actum  of 
organi!sms,  and  to  ini]>erfect  bloi»d-hupply  in  the  mure  advanced  stages. 
It  is  dnubtfut  whether  the  leucocytes  actually  destroy  tissue,  or  whether 
their  only  function  is  the  removal  of  |Nirts  which  are  dead,  and  of  Mich 
substances  as  they  may  be  unaccustomed  to  encounter. 

Cl^INlCAls   SIGNS  OF  INFLAMMATION.— These  are, 

%x,  hriil,  .\trfUtii<s,  juii/t,  und  impaired  futntion.. 
Redness  and  Heat  may  be  t<iken  tugether,  as  they  both  depend 
upon  the  quantity  of  bIcKKl  {Hissing  through  the  part  in  a  unit  of  time. 
As  a  rule,  this  quantity  of  blood  is  increased,  the  excess  being  mo«.t 
marked  in  the  early  stage  of  the  process,  when  the  part  is  bright-red 
and  hot.  Its  vcs-wls  are  then  fully  diluted,  and  the  resistnncr  but 
little  mcreased.  As  tlie  resistance  grows,  frcmi  more  marked  mulecular 
change  and  from  pres.Hure  of  increasing  exudation,  the  quantity  of 
blornl  |Hisstng  through  the  ptirt  is  diminished.  Cohnheim  excited 
inHaiunmtJon  in  one  foot  oi  u  dogj  and   measured  U)e  blood  rctu 
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rough  both  femoral  veins  afterwards.     At  first  the  delivery  on  tlie 

injured  sidt;  was  exces.'iivu,  sometimes  more  than  twice  the  normal ; 

biit  when   diH'iisc   suppuration   or  slougliing  \v/ls  induced,  the  delivery 

enme  markedly  less  than  normal.     Coldness  must  aecompany  such  a 

condition ;  and  such  a  part  will  be  bluish  if  its  vessels  are  dilated  and 

full,  but  unitllcd  or  f mil'  if  they  are  compressed  by  exudation.      In  most 

I       tnHammations  the  internal  and  external  re.'iistances  to  the  circulation 

^^^re  nut  sufficient  to  counterbalance  the  effect  of  dilatation,  and  the 

^^hood-pressure  is  kept  up;  consequently,  the  deliver}' from  the  veins 

^^remains  excessive   throughout,   and   the   part  is  red  and   hot.      Both 

redness    and    heat    may   be  concealed    if   normal    tissues    cover  the 

inflamed  part.     An  inflamed  foot  may  appear  to  be   several  degrees 

(hotter  than  its  fellow,  but  its  surfare-temperalure  will  never  equal 
that  in  the  rectum.  An  inflamed  pleura  is  never  any  hotter  than  its 
fellow,  and  may  be  colder.  The  local  rise  of  surface -temperature  is 
I  due  merely  to  more  rapid  circulation  of  arterial  blood :  excess  of  heat 
is  not  produced  in  the  part 

Swellin^^  beyond  the  most  trivial,  which  may  be  due  to  dilated 
vessels,  is  the  result  of  exutlatiott  uf  fluid  utul  varpujtrlvs.      It  may  be 
entirely  owing  to  fluid,  as  in  hydrocele;  or  entirely  owing  to  small 
nd  cells,  the  fluid  having  Inxn  absorbed,  as  in  orchitis.     It  varies 
amount  with  the  distensibility  of  the  part,  being  most  marked  in 
such  tissues  as   the  scnjtum  and  eyelids,  and  least  marked  in  bone. 
iWhen  due  to  fluid  {wdi'mft)  the  affected  |>art  "pits,"  unless  it  is  very 
nsely  stretched.     Swelling  from  cell-infiltration  is  firm,  does  not  pit, 
•nd  is  sometimes  calleil  "solid  a^denin."     Swelling   may  escape    de- 
tection in  cases  of  slight  inflammation,  in  which  the  lymphatics  suffice 
to  can*}'  away  the  increased  exudation  (sec  above). 

Pain  is  due  t*>  prfissurc  of  the  exudation  on  nerve-endings  ;  perhaps 
I     also  to  chemival  irritation  of  them.      It  varies  directly  witli  the  sensitive- 
^^hess  and  the  tension  of  the  ;uirt,  as  well  as  with  the  rapidity  of  the 
^^%ffusion  into  it,  as  is  seen  in  acute  suppuration  in  a  digital  tendon- 
sheath.     It  is  often  throbbing  from  the  increase  of  tension  produced 
by  each  heart-stroke.     The  effect  of  increase  of  pressure  in  producing 
pain  is  well  shown  by  allowing  an  inflamed  part  to  hang  down. 

Impaired  function  is  due  to  the  fact  that  every  inflamed  tissue  U 
injured.  It  is  proportional  to  the  damage  of  the  rwm/tfl/ cf//j  of  the 
affected  part. 

VARIETIES*  or  IWrrLAMMATION.— The  procesx  of  in- 

*  Perhaps  "  Degrees"  would  be  a  belter  term. 
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flammation  is  liable  to  iin  imporUint  variation,  but  the  r* 
produced  by  injuries  of  different  intensity  acting  for  diiTerenl  period* 
of  time  upon  different  tissues^  vary  sufficiently  to  iwnuit  of  a  use.ful 
classitieation  bein^  made  u)H>n  this  basis.  It  will  be  remembered  tliA 
the  firsi  effect  of  injury  upon  the  norma]  exudation  was  to  increase  lh« 
quantity  of  fluid  which  escaped  from  the  vessels,  and  to  render  it  roore 
aJbumimms.  Next,  whiUt  tl)e  rise  in  quantity  of  albununnu«  con- 
stituents continued,  leucocytes  t^ppeared  in  increasing  numbers,  and 
the  fluid  became  more  and  more  coagulable.  Furthermore,  with  tlie 
leueocj'tes  came  a  few  red  corpuscles,  and  these,  in  the  most  intense 
inflnnuiuktions,  were  vastly  in  excess  of  thr  white.  These  diffcrrne<c«. 
in  the  exudation  may  be  found  in  {Missing  from  the  spreadinj;  cdj^ 
towards  the  centre  of  an  inHamraation  such  as  that  which  constitutes 
spreading  traumatic  gangrene.  There  is  no  break  in  the  continuity 
its  jiroduction  ;  tlie  passttge  from  serous  to  ha^morrhagic  inflanimatioa 
occurs  gradually  and  pari  jmixa-u  with  the  increasing  intensity  of  tisa 
injury.  Consequently,  the  following  "varieties"  arc  to  be  regarded 
simply  as  steps  in  the  process  of  inflammation  due  to  variattoos  ixv 
(1)  the  resisting  [wwer  of  the  tissues,  (2)  the  intensity  of  the  caase, 
and  (Ji)  the  duration  of  its  action. 

1.  8eroiu  iBflasunatioii. — Injury  slight, — As  a  result  of  sUgki 
injur)',  the  normal  transudation  from  the  ^'easels  is  incrcftfl«d  in 
quantity,  and  contains  excess  of  albumin,  but  very  few  leucoejtCiL 
ConsequeoUy,  it  contains  very  little  more  albumin  than  scrusu  (hcDOO 

the  name),  and  does  not  coagulate,  or  at 
most  a  few  flakes  fonn.  llic  best  ex* 
ainples  are  chronic  effusions  into  serous 
cavities  —  the  pleura,  joints,  or  tunica 
vaginalis  (hydrocele).  In  each  case  tiic 
lining  of  endothelium  is  not  destroyed. 
effusion  of  the  same  kind  occurs  also  in 
substance  of  a  part,  constituting  "influa- 
inatory  cedema  "  (Fig.  105).  SachapArt 
is  swollen,  *'  pits "  on  pressure  (unless 
very  tense),  and  is  found  to  be  bifiUratcd 
with  excess  of  fluid.  When  it  occurs  on 
a  raucous  surface,  such  an  inflammation  is  called  "  catarrlud."  In  thb 
case  the  cxvidation  contains  mucin.  In  impoverished  states  of  thit 
bloody  especially  when  the  albumin  is  diminished,  inflammatory  exuda- 
tions are  liable  to  be  serous,  even  when  the  process  ih  of  coruidermble 
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Fig.  105.— /f*/d»auibif>  (EtUwia 
tsfSkim.  The  large  spaces  ihowa 
wen  fiUedwUh  iKe  exuded  fluid. 
(FkwD  K  •pecirocn  bjr  Mr.  Boyd. ) 
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intensity.     In  the  earlier  stages  of  more  intense  infljLmm.ittons,  >«liere 
Lthe  enn^fratioti  of  blootl-corpuscles  is  not  fully  estnblished,  as  well  a« 
cases  where  the  injury  to  the   vessels,  although  severe,  is  rapid  ami 
isient  in  its  action  (us  that  caused  by  lieat  and  blisterinjB;  agents), 
lie  effu&ion  is  often  a  clear  and  only  slightly  coa^ulable  liquid.     With 
lore  severe  damage  the  coagulating  power  of  tlif  exudation  increases. 
Networks  of  dbrin  are  frequent  in  the  lueshes  of  inHamed  connective- 
tissue  ;  and    large    Hakt;s  of  it  may  come  away  in  othenvise   seroun 
effusions.     'I*hesc  iiiHammations  are  called  sero-fibrinons,  and  lead 
on  to  the  next  class. 

Fibrinous  Inflammation. — Inju/y  more  inirnsc, — In  this  form  the 
rxudation  is  still  more  richly  albuminous  and  contains  more  leucocytes ; 
it    consequently   has   a   much   greater    tendency   to    coagidate,   and 
"Ijrxnph"  forms  on  the  inflamed  surface  or  in  the  substance  of  the 
[inflamed  tissue.         The  most  ty])ical   examples  are   found  on  serous 
membranes.     On  the  surface  of  the  visceral  pleura,  for  example,  an 
irritjuit    produces   redness   from   dilatation   of  vessels;   then    follows 
exudation  of  fluid  and  leucocytes,  with  damage  of  the  endothelial  lining 
and  fibrin,  forming  ujx>n  the  surface,  entangles  the  leucocytes  in  its 
leahes.    Fibrin  containing  Itucooftes cOHMtitutcM  " itijiamrnatory  ItpitpU."    The 
'white  corpuscles  may  be  very  numerous,  or  only  a  few  may  be  distin- 
guishable in  a  granular  or  obscurely   fibrillated   matrix.     *'  Lymph  '* 
may  now  form  upon  the  opposed  surface  of  the  parietal  pleura,  which 
becomes  infected  from  the  original  focus,  and  the  two  patches  blend. 
This  is  the  first  stage  in  the  formation  of  an  "  adhesion  " — i.e.,  a  band 
of  connective-tissue  between  the  two  surfaces.     "  Lymph,"  formed  in 
exactly  the  same  way,  is  the  temporary  uniting  medium  in  healing  by 
le  first  intention;  and  it  is  similar  "lymph"  which  "glazes"   the 
turfaee  of  an  open  wound  a  few  hours  after  its  infliction.     In  tliese 
!ases  the  fluid  escapes  from  the  free  surface.     When  it  occurs  on  a 
mucous  surface,  such  inflammation  is  called  "  croupous  "  or   "  mem- 
branous."    A   similar   exudation   occurs   into   connective-tissue    as   a 
rsult  of  chronic  slight  irritation  ;  the  fluid  is  apparently  absorbed  as 
[last  as  it    escapes ;    fibrin    probably    forms,   but    it   soon    disappears, 
and  witli  it   those   leucocytes   which  crowd  the  tissue  ;    while   those 
porta  of  it  wliieh  have   been  destroyed  by  the   primary   injury  and 
;t}ie    process   excited   by    it,   are   gradually    replaced   by   proliferation 
►f  neightxiuring   connective-tissue  cells.    Such  an    inflammation    may 
;nd    in  absorption — some   leucocytes  wandering  into  Iyn»phatics  and 
'-entering    the   circulation,    others,    together   with    the    fibrin,    im- 
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iU-r^»in|r   (tiity  clmnges   &ik)    forming  un  emulsion  wliich  i&  »imil«rlj 

Productive  In fl amm atioii. —  Injury  alight,  but  Itmg  ron/murrf. — In 
many  cases  the  inflammatory  process  ends  m  the  formation  of  new 
tissue — inflammatory  fibrous  tissue  ;  and  the  inflanimatinn  Is  then  Sftid 
to  be  productive.  In  this  case  the  Bbrin  present  disappears,  and  the 
exudation  seems  at  this  stage  to  consist  of  closely  ]Nickcd  leucocy ttrs  infl 
ft  scanty  homogeneous  matrix.  The  vitality  of  these  is  maintained  by 
vascular  loops  which  spring  from  the  capillaries  of  the  Inflamed  ti<isue 
and  penetrate  among  the  cells  in  nil  directions:  this  is  i^raniilAtiott- 
tissue.  It  differs  from  tHflammatory  lymph  in  possessing  vessels  and  in 
)ui\ing  a  homogeneous  instead  of  a  fibrinous  matrix.  It  derives  Its 
name  from  the  fact  that  on  the  fltmr  of  u  healing  ulcer,  which  conajate 
of  this  tissue,  the  young  cells  mass  themselves  round  the  a{ucc!S  of 
capillary  loops,  all  of  which  project  towards  the  surface ;  and  we  thus 
get  the  floor  made  up  of  rounded  projections,  atx)Ut  the  siie  of  a  ptn't 
head,  wliich  arc  called  "  gmnulntions  "  (P'ig.  1 11,  p.  285),  Thr  pitntifuf 
fonnatiou  of  vcjiscls  is  cssailial  lo  the  changes  rrhich  this  (isme  undergoet  m 
the  production  of  connfdive-tixMue:  In  healing  wounds,  new  vessels  have  ^ 
been  found  pn»truding  from  adjacent  capillaries  by  the  end  of  the  ■ 
second  day  (Wywtxlxofl^. 

To  ascertaiii  the  exact  development  of  granulation-tissue  Into  6brtKis  j 
tissue,  Ziegler  placed  chambers,  formed  of  two  slightly  separated  cover-S 
glasses,  in   the  subcutaneous  tissue   of  dogs,  and   removed   them   at 
varying  periods.      Up  to  the  6f\li  day  they  contained  round   eclla — 
some  with  one,  others  with  a  bi-  or  tri-partite  nucleus  ;  then  there 
appeared  cells  twice  the  size  of  leucocytes,  containing  a  large  ve&icular 
nucleus,  slightly  contractile,  and  ca|Mible  of  taking  particles  into  their 
substance.     These  arc  called   epithelioid  crlls,  on   account  of  their  fl 
appearance,  and  formative  cells,  or  fibroblasts,  t>ecause  from  them  B 
all   new  connective-tissue   develops.     As   they  increased  in  number 
those  with  divided  nuclei  disappeared,  so  it  is  probable  that  the  6hro- 
bUsts  fed  upon  degenerating  leucocytes.    After  the  twelt^h  day  giant- 
cells  in   increasing   numbers  were    found,  formed  apjwirently  at   the 
expense  of  cells  in  their  neighbourhood — eitlier  by  their  coalescence, 
or    by   their   abortive   attempts   at    multiplication      Many  giant-celh 
degenerate,  but  some  may  develop  into  connective-tissue.     This  tisjuje 
is  funned  thus: — tlie  fibroblasts  assume  very  various  shapes — p)'rifumi« 
i^pindle,  and  branched — and   are    closely   jmcked   in   a   homogem 
intercellular   substance.       The    protoplasm    of    Uie    fibroblasts    ei 
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secretes  or  is  itself  converted  into  a  substance  which  fibrillates.  By 
the  union  of  bundles  from  different  cells  and  by  spread  of  the  process 
to  the  intercellular  substance^  there  are  formed  intercrossing  fasciculi 
of  fibreSj  to  which  adhere  some  of  the  nuclei  of  the  original  cells  with 
a  little  protoplasm  (Fig.   I0(»). 

Sherrington  and  Uallance  repeated  these  experiments  with  this 
additional  precaution,  that  they  only  left  one  small  aperture  by  which 
cells  could  enter  tlie  space  between  the  two  cover-gUisscs.  They 
agreed  with  Ziegler  that  leucocytes  were  the  first  cells  to  enter  this 
space,  and  that  these  were  succeeded  by  fibroblasts.  They  differed 
from  him  concerning  the  origin  of  these  fibroblasts.     In  some  cases,  in 


Pig.  io6.  —  farirfUj  0/  Xrso  Orcnotk  rrsutiing  frvm  C.MrvnU  Injl/tmma- 
tioH  <^ C'.mittitivt-Ti'-iut.  At  an  a4<-ncidt  B,  &jl^rvi>f,  stniclure. 
X  300. 


than  tweuty-four  hours  at^er  the  cover-glasses  were  placed  in 
ition,  leucocytes  had  entered  in  considerable  numbers  and  had 
distributed  themselves  all  over  the  enclosure.  But  near  the  point  of 
entry  were  other  cells — pltisnm-cclls,  or  fibroblasts.  These  cells 
differed  from  the  "pioneer"  leucocytes  in  that  they  were  larger,  more 
coarsely  granular,  and  [jossessed  a  single  clear  oval  nucleus.  In  no 
case  were  transitional  forms  seen.  The  original  leucocytes  were  never 
observed  to  undergo  any  but  degenerative  changes.  The  fibroblasts, 
on  the  other  hand,  showed  greater  power  of  amteboid  movement  and 
of  enclosing  corpuscles  than  the  original  leucocytes.  It  seems  clear 
that  the  fibnjblasts  are  the  Jt$iccessorx,  hut  not  (fur  jmigcnif  of  the  small 
round  cells  found  in  the  earliest  stages  of  infianimation.  Sherrington 
aad  Ballance  consider  that  the  fibroblasts  are  one  of  the  normal 
ttituents  of  connective-tissue.  Metchnikoff  maintains  that  fixed 
connective-tissue  cells,  endotlielial  cells,  mid  the  large  mononuclear 
variety  of  leucocytes  have  all  the  power  of  developing  into  fibroufi 
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Uttsue.  7*he  exact  origiu  of  the  fi1>robln8ts  inu6t  still  be  rc^^itnled 
doubtful.  In  the  meAUtimc  it  may  l>e  observed  that  the  rescmb 
between  MetchnikofTs  large  nionoiiuelcnr  ieueoej-tes  and  SLierringti 
and  Ballance's  plasma-oells  Is  ver}'  olose — both  in  appeuanoe  and 
Whaviour.  It  is  worthy  of  special  note  that,  in  the  experiments  of^ 
these  last  observers,  blood-vessels  had  not  dcveloi>ed  between  thol 
cover-glasses  even  by  the  eighteenth  day. 

The  new  connective-tissue  is  called  intiaramatory  m  ftcaj>tiftrae. 
At  first  it  is   highly  vascular,   a  recent  scar  being   redder  than 
surrounding  ports ;  but  the  tendency  to  contract  is  chamcteHstic 
this  new  fibrous  tissue,  and  jis  this  proceeds  vessels  disappear  and 
scar,   in   the   course   of  some   weeks  or  months,  becomes  white   fts 
compared  with  surrounding  parts.     This  contraciiim  of  scar-tissue  tnajr 
jinxluce  serious  results,  such  as  the  gravest  deformities,  or  ntmpliy  of 
the    essential    epithelial    elements  of  glands   (see   "  Cirrhosis   of   thc^ 
Liver  ").     The  contraction  is  most  marked  where  the  tis&aes  are  h 
as  about  the  scrotum.     It  appears  to  be  essential  to  the  proeeaa 
heahng ;  for  this  will  cease  in  a  callous  ulcer  of  the  leg.  if  infiltralioi 
uf  surrounding  tissues  and  adhesion  to  deeper  {Nirts  arrests  contraction.| 
A  scar  is  always  a  weak  |K>int  iji  the  system,  and  a  tight  scar  is  alwayti 
irritable  and  very  liable  to  break  down.     The  tendency  of  M*«rs  is  to' 
become  fainter. 

Rut  granulntion-tissue  does  not  always  develop  into  !>cAr>ti»sue.      If 
the  continued  irritation  become  excessive,  or  the  vascular  supply  be 
deficient,  the  process  may  be  arretted  at  any  stage,  and  degeneraUon 
will  follow.      Deficient  blood-suj>pIy  maybe  due  to  insuHicirnt  devdop- 
roeut  of  vessels^  diminution  of  their  lumina  (as  occur  in  giimnuita),  or 
to  pressure  from  too  dense  packing  of  tlie  cells.     It  has  been   found 
that  imperfect  blood-supply  is  accompanied  by  the  development  of] 
giant-cclU  ;  they  are  found  in  all  really  chronic  inflammations.      Thus, 
the  typical  structure  of  a  tubercle  is — a  giant-cell  in  the  centre,  sur-J 
rounded    by   formative   (epithelioid)  cells ;    whilst    outside    tliese  and 
intermingled  with  them  is  usually  found  a  sone  of  ordinary  leucoeytca. 
(Pig.    107).      In    gummata   and    lupus-nodules   similar   structures   are 
frequent.     A  section  through  the  thickened  synovial  membrane  in 
case  of  chronic  arthritis  ollen  shows  the    following   ap})ranmces 
Kxtemally,  we  find  ordinary  granulation-tissue,  with  some  devcloi 
ftcar-tissue ;    passing  towartls    the   joint-cavity,  we  find    next    a  Uj 
of     fonnativc     celk     in     which     giant-cells     become      increaainigly] 
numerous  and  even  typical  "  tubercles  "  nmy  occur  ;  yellow  spots 
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Ftpatches  of  falty  degeneration  next  become  frei|uent,  ami  the  surface 
may  be  composed  of  granular  debris  in  wliicli  cell-forms  are  no  longer 
dUtinguishable.  A  Htiid,  l(x>king  like  tlimnish  pus,  may  occupy  the 
cavity  ;  it  contains,  however,  very  few  pus-cells,  but  consists  mainly  of 
fatty  gi*anules — formed  by  degeneration  of  the  superficial  cells — 
suspended  in  fluid.  This  is  the  change  known  as  "chronic  sxip- 
puration  "  of  the  knee.  "  Chronic  abscesses  "  of  similar  nature 
may  form  elsewhere,  especially  in  connection  with  bone  (caries  of 
^vertebra?).     When  starting  fipom  bone  the  puriform  fluid,  formed  by 


\ 


^ 
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Fig.  107. — A  TubertU  from  a  Cate  of  Tnbfreulinh  (^  the  Litrr. — A 
multinucleated  giant-cell  occupies  the  centre.  Afx>und  is  an  area  of 
commencing  caseation  and,  outside  this,  a  zone  consisting  principally 
of  fibroblasts,  and,  to  .1  less  extent,  of  leucocytes.  The  leucocytes 
arc  most  numerous  on  the  side  where  the  caseation  is  most  advanced. 
X  350. 

Itineration  of  the  granulation-tissue,  simply  distends  the  ti.ssucs  round 

about  and  converts  them  into  a  bag,  the  wall  of  which  yields  a  little 

On  the  other  hand,  increasetl  irritation  will  destroy  some  of  the 

cells  of  the  granulation-tissue  and  will  produce  inflammation  of  it  with 

free  escape  of  corpuscles  from  its  vessels — in  other  words,  will  cause  it 

'*  break  down  into  pus."     This  is  best  seen  when  a   healing  .iseptic 

leer,  with  a  serous  discharge,  becomes  septic  ;  the  discharge  then 

;comes  purulent. 

Interstitial  it  the  term  applied  to  inflammations  of  solid  organs, 
when  the  nmnifes  tat  ions  of  the  process  are  primarily  limited  to  the 
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connective-tissiH'  between  the  essentinl  lU-iheiits  of  the  organs. 
Interstitial  inflRmniHtiun  may  be  oeute,  running  on  even  to  suppiinitioa« 
but  as  a  rule  it  is  an  ortUiiary  productive  inHanimation  in  which  th<rc 
is  but  little  exudation,  ami  a  considembie  amount  of  cell-uiuUi|iIicatioii. 
It  is  accompanied  by  bceondur)'  changes  in  the  csbciitinl  cells,  duo  to 
interference  with  their  nutrition.  In  parenchymatous  inHainn^tiotifi 
the  epithelial  elements  of  the  organ  seem  to  he  primarily  atfcctrd — 
becoming  swollen,  finely  grauuUr,  or  even  structurelrss  ;ind  incAp«b)c 
of  staining.  These  are  probably  of  a  degenerative  and  necrotic  iu«ture, 
mixed  up  with  regenerative  pruccK»es  (pp.  ^2^,  iiS).  'Hie  efiseatial 
lesion  of  the  inHamination  must,  of  course,  l>e  of  the  vessela  in  tlic 
coimective-tissue ;  but  the  essential  cells  of  an  organ  are  much  more 
delicate  tlian  those  of  its  connective-tissue,  and  show  more  quickly  ihc 
effects  of  a  strong  irritant,  which  causes  engorgement  of  the  %'-essc]s  of 
the  connective-tissue  and  free  escape  of  cells  and  Huid  into  intercellular 
and  intra-glandular  spaces.  Under  the  action  of  very  slight,  rhrviiic 
irritants,  proliferation  of  connective-tissue  eells  occurs,  with  but  little  or 
no  accumulation  of  leucocytes.  Scar-tissue  is  tlius  formed,  one!  the 
nutrition  of  the  essential  cells  is  more  slowly,  but  none  the  lc«s  surely, 
intcrfircd  witli 

8apparatiye  or  Pomlent  Inflammation. — f'fj"'y  ■"'^^'^ 
pn}longrd,~This  is  a  very  common  form.  In  it  the  exudation  conlaina 
the  same  elements  as  in  tlie  fibrinous  form  :  the  peculiarity  of  the 
process  is  that  no  coagulation  occurs,  no  "  lymph  "  forms,  and  n*y  new 
vessels  appear ;  and  even  such  "  lymph  "  as  may  have  been  fornted  at 
an  earlier  stage  of  the  inflammation  is  destroyed  when  suppuration  tets 
in.  The  Irritant  is  more  intense  than  that  usually  required  to  protlucc 
fibrinous  inHammations,  and  it  is  essential  that  its  action  be  proloa 
Serous  and  fibrinous  stages  ofien  precede  the  suppuniti\f.  sho 
that  they  are  minor  grades  of  the  same  process. 

Suppuration  may  l>e  either  acnte  or  chronic  ;  witl)  tlie  latlrr  we 
have  already  dealt.  Either  of  these  may  appear  in  a  t^rcHmsmbni 
{absct4$)  (Fig.  108)  or  in  a  dijlu-*r  form,  either  in  the  nuf/jttanir  of  a  part 
on  a  frrr  surftut — mucous  membrane  or  skin.  In  the  latter  caur 
wheti  the  epithelium  is  destroyed,  with  more  or  less  of  tlie  subjacen 
tissues,  the  pnicess  is  called  ulceration;  but  whertr  the  drepc 
layers  of  the  epithelium  reinain,  it  is  termed  a  ptirulent  catarrh. 

Formation  of  an  Acute  Abacesa. — When  we  come  to  cousider 
the  letiology  of  acute  suppuration  we  shall  find  that,  in  all  prt>!    1    ' 
it  is  always  due  to  the  action  upiui  the  tissues  of  organiMii 
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tminonly  the  xtaphiflviXKVUx  pifogcnea  anrctts.  Some  of  these  orgnnisnis 
become  arrested  in  the  capillaries  of  n  purt,  ttiul,  if  ike  vondi/ions  air 
xuiiablc  for  their  ^nttvih,  they  proceed  to  multiply  and  to  give  off 
the  products  of  their  metabolism.  All  nmnd  Iheiu  appears  a  clear 
.hyaline  ring  of  tissucj  which  docs  not  stain  and  in  which  all  structure 
lost.  Obviously  some  irritantj  soaldng  from  the  cocci  into  the 
tissues^  has  destroyed  the  latter  and  they  have  undergone  coagulation- 
necrosis.  In  the  course  of  a  few  hours  a  ring  of  leucocytes  appears 
round  this  area,  and  becomes  increasingly  dense :  they  infiltrate  the 
iDccrosed  area  and  press  in  townrds  the  centre,  whilst  the  coccij  on  the 


PW.  MB. — An  .-iftiUii  in  the  SJitH.  'Ilic  homy  layrr  hus  largely  rtis- 
■ppeATcd,  And  the  Malpighiiui  luycr  is  pushed  upwards  by  thi- 
subjaomi  abscess  {a).  The  mass  of  pus-corpuscirs  is  just  brenkin^ 
down  to  form  a  cavity,  the  walls  of  which  arc  thickly  intiltmteri 
with  similar  eells.     (Compare  Fig.  log. ) 

(From  a  specimen  by  NIr.  Boyd.) 

other  hand,  multiply  and  pass  out.  I'he  cocci  penetrate  the  tissue  in 
it  directions,  lying  especially  in  lymph-spaces,  and  everj*where  a 
layer  of  leucocytes  is  formed  to  opjiose  them — at  first  in  vain  (p.  ^9"). 
However,  after  many  leucocytes  have  been  either  killed  by  the 
.chemical  products  of  the  organisms  in  the  tissue,  or  starved  by  the 
inacccHsibility  of  the  necessary  nutriment,  the  resistance  to  invasion 
becomes  successful  and  by  degrees  the  cocci  are  completely  walled  in 
by  granulation-tissue  which  everywhere  intervenes  between  them  and 
the  healthy  tissues,  in  rabbits,  after  injection  of  cocci  subcutaneously, 
^ihe  limitatiun  begins  on  the  third  or  fourth  day,  but  is  not  complete 
on  the  average  till  the  ninth :  in  man  it  usually  occurs  more  speedily. 
At  6rst  a  central  yellowish  mass  of  necrosed  tissue  intiltrated  with 
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eooci  And  leucocytes  is  found,  surrounded  by  the  layer  in  which 
ami  leucocytes  are  struggling  for  Ihtf  nM&tery.  (Jradually  the  ceni 
nion  ftoAens,  and  it  is  noticed  that  the  tissue-elements  swell  up 
bceome  indistinct  ns  the  cocci  sprearl  amonf^them  :  raoreo%'er^  na  llfarte 
fomiH  in  the  fluid  exudation.  All  this  is  attributed  to  a  peptooiiiiig 
action  of  the  cocci  which  in  acknowledged  to  be  verj'  energetic.  So 
long  as  the  process  is  actively  spreading  no  new  vcsseU  form,  bpt  «i 
Mxm  as  the  leucocytes  have  got  the  upper  hand  vessels  appexr,  and 
••  granulation-tissue  "  is  formed.  Thus  is  developed  a  cavity»  bordord 
by  tianie  infiltrated  with  living  cells.  This  cavity  contains  dead 
leococjrtes,  dei^troyed  and   liquefied  tissue,  and  exudation,  as  well  ftft  % 


Fkk  W9^— JWaw  fkrwif/t  a  Small  Fax  PustuU.  The  hnrny  I  wt  ovrr 
ibsoaBtraof  the  rarfaoe  has  disappeared,  ami  the  free  cdgu  an 
shomk  A  nuus  of  celU  Is  teen  in  che  boundary  between  the  twotka 
MUpighian  layrr  uid  the  true  skin,  making  its  way  lo  the  surftcKk 
T1iu%  the  actual  lesioa  ii  liiuate  wholly  in  the  eptdcrmift.  while  the 
fluid  and  celts  have  passed  vtp  frotn  the  dcnna.  ibe  inidt  betn^ 
shown.    {CoiDpare  Fig.  io8.) 

(From  a  spocimcn  by  Mr.  Boyd.) 

Ifcw  living  celU  which  have  recently  migrated  from  the  surroundi 
tiMDCfl :  this  fluid  i.s  called  pna.  Once  formed,  such  a  cavity  eil 
enlarges,  or  shifts  its  pcisition,  or  both.  The  extension  occurs  in' 
the  direction  of  least  resistJincc.  It»  appn»ach  is  marked  by  thrumbosis 
of  the  minute  vessels  and  molecular  disintegration  of  the  celU  they 
supply^  by  migration  of  corpuscles  and  by  exudation  of  fluid  into  the 
newly  formed  space.  Its  progreiis  is  not  arrested  until  it  reaches 
tome  free  surface  or  open  cavity,  u|)on  or  into  which  it  bursts.  Wc 
find  on  sectiim  of  the  wall  of  a  spreading  abscess  all  the  stages  aCj 
iuflanimation — a  proof  of  the  prolonged  action  of  the  cause.  In  thci 
centre,  necTOdi ;  and,  in  succession  as  we  {wiss  outwards  from  tl 
throtnbols^  alMii,  retardatiou  of  flow — diininisiiing,  and  perhaps  givhi^j 
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plnct:  to  accelerHtioti,  before  the  nomiHl  circulation  is  reached.  With 
hypenenila  exucbition  increases ;  much  of  the  fluid  is  tjikeii  off"  by 
lymphatics,  but  the  corpuscles  accumulate  in  incrcasinji  numVu-i-s,  and 
red  join  the  white  outside  the  vessels  as  the  centre  is  approached. 
This  account  explains  how  it  is  that  we  are  led  to  the  belief  that 
suppuration  has  occurred^  when  we  find  redness,  beat,  and  cedenia 
developing  over  a  deep-seated  swelling. 

An  acute  ab5K;ess  almost  always  c\tends  tuitil  it  bursts  or  is  opejie<I ; 
by  either  of  these  means,  tension,  a  great  cause  of  the  continuance  of 
the  infljmimation,  is  relieved^  while  the  pus  and  its  ori^nat  cause 
escape  together.  If  the  cavity  is  ctuupletely  drained  and  kept  at  rest, 
and  putrefactiim  of  the  discharges  is  prevented,  all  pus-formation 
ceases,  V^essels  quickly  develojj  in  that  |Kirt  of  the  round-celled 
infiltration  of  the  walls,  in  which  this  has  not  already  occurred  :  thus 
they  become  lined  by  gnnmlati<in-tissuc.  This  g^ows  and  blends 
across  the  cavity,  which  is  often  diminished  by  some  falling  in  of  the 
walls.  Scar-tissue  then  develo|Ki,  and  thus  the  abscess  is  healed  (jip. 
Ill,  lis). 

Diffuse  ■nppnration  is  exactly  the  same  process  going  on  over 
a  wide  area.  It  is  often  more  intense  than  when  circumscribed,  and 
it  is  by  no  means  uncommon  to  find  shreddy  sloughs  in  the  pus,  for  the 
effect  4if  the  injury  on  some  portions  of  tissue  is  so  great  a»  to  cause 
7tiolar  death.  Diffuse  suppuration  is  generally  due  to  the  xtrt'pt<H'ucnts 
p^ogcritJt — an  organism  of  which  the  peptonising  power  is  more  intense 
than  that  of  the  staphylococcus,  which  possibly  accounts  for  the 
difference  in  their  action  (see  "  Micrococci  "). 

pQS  from  a  simple  abscess  occurring  in  an  otherwise  healthy  person, 
{laudable  pus),  is  a  Uiick,  creamy,  ujuupie,  yellowish-white,  slightly 
\nscid  Huid,  having  a  faint  odour,  an  alkaline  reaction,  and  a  .specific 
gravity  of  10;JO  to  1033.  It  contains  ten  to  fifteen  per  cent,  of  wilid 
nuktter,  of  which  two-thirds  are  albumin,  and  the  rest  fatty  matter  and 
salts,  such  as  are  found  in  blood.  On  standing,  it  separates  into  a 
dense  ycUow  layer,  ptu-corpwiclfs,  and  a  clear  supernatant  fluid,  liquor 
purU. 

Pas-corpQiclet  are  spheroidal  bodies  about  -^-s^js  inch  in  diameter. 
They  are  scmi-transjMirent,  more  or  less  granular,  and  motionless  :  they 
usually  contain  a  bi-  or  tri-|>artite  nucleus,  the  segments  of  which 
together  are  no  larger  than  the  original  nucleus.  Such  division  is 
therefiire  reganlt^d  as  evidence  of  degeneration  rather  than  of  multi- 
plieatiun  and  of  growth. 
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Pic    I  la  —  i*¥s-*.0rfMHUs    as 
ttrn  a/irr  ifea/M.     a.  Before, 
d,  tkttcr,  llic  ftddiiian  of  dilute 
acetic  acid,      x  40a 

A  sm.ill  minority  of  ihc  cells  have  exactly  the  appeiinuice  of 
leucocytes,  and  perform  antirboid  movements.  These  «rc  the  more 
recently  escaped  cells.  Acetic  acid  clears  up  the  eclU,  and  n-nderii 
obvious  the  often  obscure  nucleus  (Fip.  1 10). 

It  is  noteworthy  that  pus  has  no  power  of  a1>sorbing  Kluuj^hs  or 
sequestra ;  firing  cells  arc  required  for  this.  A  bit  of  bone,  even  an 
ivory  peg,  surrounded  by  granulation-tissue  will    be  slowly  eroded  ; 

but  it  nmy  be  in  pus  for  months  without 
"  i  losing    weight,    and    suppumti(m    is    not 

likely  to  cease  until  it  is  removed.  The 
prevention  of  suppuration  \s  therefore  to 
be  aimed  at  in  nil  rases  of  necrosis,  and 
of  foreign  bodies  (especially  ahsorlMble 
tigittures)  retained  in  wounds. 

Sometimes,  though  rarely  in  the  c«»c 
of  an  acute  absccs,  after  a  collection  of 
|>us  has  formed,  the  irritation  diminishes  so  much  that  granuUtioD- 
tiasue  forms  round  the  fluid,  and  develops  into  fibrous  tissue.  Such 
pua  may  long  remain  encapsuled,  its  corpuscles  breaking  down  into 
fatty  drbri»;  but  as  a  rule  the  fluid  [Hirt  is  absorbed,  and  a  more  or 
less  dry,  cheesy-looking  mass,  consisting  of  ccll-dcbris  and  cholestciin 
crystals,  is  left  in  the  capsule.  The  mass  may  calcify.  Such  collec- 
tions may  lie  liamilessly  in  the  tissues  for  years,  and  finally  become  the 
centres  of  fresh  suppuration.  These  changes  are  much  more  conmsun 
in  chrt»nic  uhscessfs. 

UlceratiTC  Inflammation. — We  have  seen  that  suppuration  in 
the  substance  of  tissues  pn.Kluees  molecular  disintegration  of  tbcm  : 
as  A  rule  no  distinct  slough  is  found  in  pus.  The  same  molecular 
destruction  eating  away  the  tissues  on  a  free  surface  constitutes  ulcer- 
ation. Under  the  action  of  an  irritant  the  superfi(*ia1  layer  of  the  skin 
becomes  soaked  with  fluid,  and  leucocytes  esca|)e  in  numbers  from  the 
ressels  and  wander  even  into  the  epithelial  cells,  where  they  seem  to 
have  arisen  by  endogenous  multiplication.  Under  these  circumstances 
the  superficial  cells  do  not  l>ecome  homy,  and  are  easily  brushed  off; 
or  the  oriKinHl  irritant  nmy  have  destroyed  their  vitality  and  coliesinnj 
and  tliey  are  washed  away  by  escaping  fluid.  The  rete  is  now  exposed, 
and  the  deeper  tissues  are  liable  to  irritation  from  slight  friction, 
contact  with  chemical  irritants,  or  putrid  discharges.  The  inflemmatory 
process  become*  more  intense,  the  cscjipe  of  fluid  and  leucocytn*  freer, 
and  stasis  an<l   throndtosis   occur   here   and    there.      Portions   of   the 
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papillun'  layer  ami  of  the  coverinj^  epithelium  die,  clisintegrate  rapidly 
and  wniie  away  in  tl»e  dischar>!;e.  The  process  spreads  by  the  prmliic- 
tion  of  limited  stasis  and  death  of  tissue ;  if  the  stasis  is  at  all 
widespread,  a  visible  slough  will  result.  It  is  common,  indeed^  to 
nee  tags  of  dead  tissue  adherent  to  the  floor  of  a  spreading  ulcer.  If 
the  irritation  becomes  more  intense  these  shreds  will  increase  in  size 


Fig.  III. — A  Gramuiating  Smr/ace. — a.  Layer  of  pus.    k.  Granulation- 

ti&sue  with  loops  of  blood-vessels,  c.  Commendng  devdopmrat  of 
the  granulation*tiuue  into  a  fibrillalrd  srnictiirr.  x  aoo.  (RinU- 
Beisch. )    Diagrammatic. 

and  form  "sloughs."  laceration  passes  insensibly  into  gangrene  in 
proportion  as  death  becomes  too  rapid  to  permit,  by  means  of  degener- 
ation and  the  action  of  leucocytes,  the  molecular  disintegration  of  the 
parts  as  they  die.  The  discharge  in  the  spreading  stage  consists  of  a 
few  leucocytes  and  the  debris  of  broken-down  tissue  suspended  in 
fluid.  Like  the  ^A^v  of  advancing  suppuration,  the  margin  of  a 
spreading    ulcer   exhibits   all    the   stages   of  inflammntimi,   fmm    the 
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mildest  tu  the  prrKluctiun  o(  inuk-culnr  (livitli.  An  abscett  b  often 
described  ns  a  closed  ulcer.  Whcu  tlic  causes  of  the  inflammation  are 
removed,  the  nmnd-cclled  infiltration  of  thr  floor  inrrcascs  and  be- 
comes vjLsrtiUnscd  into  ^rmiulAtiou-tissuc  (Kig.  HI).  Sloughs  are 
detached  by  the  action  of  leucocytes  which  cat  Uirough  Ui<rir  coik- 
DectiouB  witli  liviiij^  parts,  and  the  bahc  soon  becomes  covered  with 
"pranuhitions."  When  heiilthy.  these  are  brijjht-red.  slif^htly  raised, 
rounded  elevations,  alxtot  the  sixe  iif  a  small  pin's  head,  and  coD»lflt  of 
cells  ^Mi|»ed  round  a  capillary  loop.  They  contain  no  lymphatics  and 
no  nerves,  are  not  tender,  and  do  not  bleed  reatlily.  Departure  from 
this  iy\ic  indictites  disease  of  the  granulations. 

The  grantilation-tissue  grows  by  multiplieation  of  the  deeper  cclU, 
and  such  loss  of  tissue  as  has  occurred  is  thus  replaced.  At  the  same 
time  the  ceils  infiltrating  the  edges  disappear,  and  these  sink  gradually 
to  the  level  of  the  Iwisc.  Kpithclium  now  shoots  in  from  the  epithelial 
celU  at  the  margin,  and  threr  zones  can  often  be  distinguished  at  this 
stage  : — an  inner,  dry,  red  xonc,  where  the  cells  are  one  or  two  thick  ; 
then  a  wider  blue  xone  where  they  are  thicker,  but  where  no  homy 
cells  exist;  and  hifttly,  an  opaque  nhUf  ring  of  smiden  horny  epi- 
thelium. The  dcc|>cr  layers  o{  the  granulation-tissue  are  meanwhUe 
iKrcoming  scar-tinstie,  c^intrncting  and  drawing  together  the  edges  of 
the  »ore,  so  Utat  Uie  epithelium  has  less  and  less  to  cover;  and  finally 
the  whole  surface  i.s  skiimed  over,  and  all  granulation-tissue  is  coo- 
verted  mto  fibrous  tissue.  Contraction  goes  on  even  after  this,  and 
the  resulting  scar  is  very  much  smaller  than  the  original  ulcer  (pp^ 
III.  112). 

Hwmorrha^c  Inflammation. — This  form  of  inflammation  ia 
characterised  by  an  exudation  in  which  red  corpu!»oles  are  in  great 
excess.  So  far  as  can  be  observe<l,  red  corpuscles  are  the  latest  of  all 
the  eontentii  of  vessels  to  escape  In  a  case  of  spreading  traumatic 
gangrene,  the  tissues  a  xfinrt  dixttmcr  afntt^r  the  actiwlly  gangrenous 
ijart  were  cranuned  with  red  corpuscles,  showing  that  the  vess<tla 
could  hold  none  of  their  contents  (Fig.  113);  higher  up  there  was  a  free 
escape  of  leucocytes,  and  of  scro-fibrinous  cfliision  (Fig.  104);  and 
ktf^krr  Mi'tll  there  was  cflusion  of  simple  serous  fluid  only.  Of  coune, 
the  injury  may  lie  so  intense  as  to  cause  an  immediate  and  &ee  escape 
of  red  corpUKcIes  from  the  eapillarics.  The  fluid  which  soaks  the  part 
in  these  cases  is  usually  thin,  and  more  or  less  deeply  blood-stained. 
The  greater  the  nnmlKT  of  capillnrirs  present  in  a  tissue,  the  more 
likely   is   an   exudation   to  be   lufinorrhagic ;  severity  of  injury  is  thr 
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oilier  factor.  There  are  generHlly  many  red  corpuscles  present  in  the 
exudation  of  acute  pneumonia.  The  free  escape  of  red  corpuscles 
shows  that  the  capillary  stream  in  the  part  is  reduced  to  a  niinimuni, 
that  the  injury  done  to  t}»e  tissue  is  a  very  grave  one,  and  tliat  stasis, 
death,  and  thrombosis  are  impending.  Too  oflen  gangrene  is  the 
termination  of  such  inHammation. 
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IC  iia. — Pefptr  layer  a/ Cutis  and  Subcutaneous  Fat  a  shart  dista$ue 
aboit  tfit  doxd  fart  in  a  Cast  of  Sfrtadin^  Qangrtnf.  The  inter- 
stices of  ihe  tissues  arc  crammed  with  red  corpuscles  and  a  few 
white,  e.t.  Conncctive-tlssur ;  /'.  fat  cells;  r.c.  red  corpuscles. 
X  aoo.     (Boyd.) 

TERMINATIONS  OF  HVFLAMMATION.— These  are 
resoh/tioji,  ut-cfoxis,  and  ftetv  grotvih,  I.  Resolution. — This,  tlje  most 
firequenl  and  most  favourable  termination  of  inHammation,  consists  in 
the  cessation  of  the  process  and  the  restoration  of  the  part  to  health. 
For  this  to  occur,  it  is  necessary,  first,  that  the  exciting  cause  be 
removed;  secondly,  that  the  walls  of  the  blood-vessels  be  restored  to 
their  normal  condition,  in  order  that  abnormal  transudation  may  l>e 
arrested;  thirdly,  that  all  exudation  be  disposed  of;  and  lastly,  that 
any  dead  or  damaged  tissue-elements  be  regenerated.  Obviously  this 
restoration  will  be  more  easily  effected  in  the  earlier  than  in  the  more 
advanced  stages  of  the  inflammatory  process.  But  resolution  even  of 
"  stasis  *'  sometimes  occurs,  and  may  be  watched  under  the  microscope. 
The  corpuscles  of  the  stagnant  blood  move  off,  one  after  another,  till  a 
slow  stream  is  re-established  through  the  inflamed  area.  Tl»is  stream 
quickens  as  resistance  diminishes,  and  contraction  of  the  vessels  follows 
the  gradual  recovery  of  their  muscular  coats.  Exudation,  first  of  cor- 
puscles, then  of  fluid,  cejiscs ;  and  the  circulation  again  becomes 
normal.     Serous,  sertKlibrinous,  and  productive  inflammations  in  their 
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early  sUgc^  urc  those  which  end  in  rttoluiion  ;  but  if  normal  tissue  h«ft 
been  once  replaced  by  graniilatitm-tissiic  or  scnr-tiKMie^  or  hjtt  bcm 
destroyed  by  suppuration,  ulcerationf  or  gniijpvne.  rrw/wfran  is 
impossible.  A  noniial  condition  of  the  walls  of  the  blixxl-vcssels  is 
dependent  upon  the  proper  circulation  of  the  blood  through  them  aod 
their  vasa  vasorum.  Whrttever,  therefore,  favours  the  re-establishmcnt 
of  normal  circulation  in  the  inflamed  area  will  favour  resolution. 

The  last  element  in  resolution  is  the  removal  of  the  inflnminatory 
products — fluid,  and  corpuscles.  These  are  removed  iimiuly  by  the 
lymphatics ;  but  after  restoration  of  the  circulation,  Absorption  is 
carried  on  to  >iome  extent  by  the  veins  also.  In  the  later  stages  of  the 
process  any  unal»sorbe<l  blood -ettrpuscles  or  fibrin  undergo  fatty 
degencratiun,  and  thus  the  complete  removal  of  the  inflammatory 
products  is  much  facilitated  (see  "Grey  Hepatization").  The  process 
of  Kegeneration  in  the  various  tissues  has  already  been  described 
(p.  101). 

All  conditions  interfering  with  the  lymphatic  or  vascular  circulaUon, 
such  as  the  pressure  exercised  by  n  large  effusion  in  a  serous  cavity, 
or  by  a  richly  cellular  exudation  in  a  lymphatic  gland,  must  retard 
resolution.  It  is  genrrally  lielieved  that  interference  with  tlic 
Itftnphatic  circulation  tends  cs|>ecially  to  prevent  absorption,  and  Intefw 
ferenre  with  the  circulation  in  the  hftx>fl-vrxsci\  t*>  prever»t  that 
restoration  of  those  vessels  to  a  nonnal  condition  which  is  necessary 
ti5  arre»it  the  continued  transudation.  Recent  obsencrs  have,  howev«Ti 
shown*  ttiat  fluid  artificially  introduced  into  the  pleural  cavity  is 
mainly  absorbed  by  the  blood-vessels  ;  and  it  is  possible  that  th« 
absorptive  pt)wer  of  the  lymphatics  Ims  Ijcen  overrated. 

1 1.  Necrosis. — InHammation  may  terminate  in  death  of  t)M^ 
inflainrd  tissue,  Weigcrt  has  shown  that  in  all  but  t)ie  slightest  forms 
of  inflanmiHtion,  the  inability  to  stain  will  reveal  cells  which  have 
undergone  congulntive  necrosis  (p.  2^).  In  most  inHanmiations  the 
destruction  of  the  tissue-elements  is  still  more  marked.  CUniatUy,  we 
do  not  speak  of  necrosis  unless  obvious  molar  death  of  tissue  has 
occurred,  as  distinguished  from  the  moln-uhr  destruction  characteristic 
of  suppuration  and  ulceration. 

The  severer  the  injurj'.  the  longer  its  period  of  action,  and  the 
feebler  the  resistance  of  the  tissues,  the  more  likely  is  necrosis  to 
result     It  may  be  prtnluced  in  the  following  ways  : — 

1.  By  direct   injur}'  to   a   jjarl   prtniucing,  by  its  continued  action, 
*  Starting  and  Tubby,  jMma/ 1/ PJijrtiotugy^  1894. 
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LLnflamjuator)disturbjmceof  the  circulation  ending  in  thrombosis.  The 
tissues  are  aflected  by  the  injury  simultaneously  with  the  vessels,  and 
suffer  aho  from  the  interference  with  the  circulation. 
2.  By  an  irritant  conveyed  to  a  part  by  its  vessels,  affecting  them 
primarily,  and  inducing  in  them  changes  similar  to  the  foregoing. 
JThc  tissues  are  affected  secondarily,  both  by  the  irritant  and  by  the 
circulatory  disturbance. 

3.  By  pressure  of  a  neighbouring  inflammatory  exudation.  This 
strangulates  the  supplying  vessels,  as  in  sloughing  of  skin  from  tense 
cedemu,  in  necrosis  of  tendons  in  a  whitlow,  and  in  de^ith  and  degen- 
eration of  cells  in  chronic  inHummiitiuns.  Death  is  mure  likely  to  be 
produced  in  this  way  when  the  exudation  occurs  in  unyielding  pjirts, 
especially  iu  bone ;  here  sudden  death  of  an  extensive  exudation 
cans  death  of  the  affected  part  of  the  bone  and  its  subsequent 
separation  in  the  form  of  a  sequestrum  (see  "  Necrosis  of  Bone  "). 

In  ail  infective  inllammation^  the  irritant  exercises  its  deleterious 
effect  u]M>a  the  cells  of  the  iaHomnmtory  exudation  aiui  tends  to  destrtiy 
them. 

Some  causes  of  inflammation  always  lead  to  gangrene — ^.g.,  those  of 
carbuncle,  mahgnant  pustule,  and  hohpitnl  gangrene.  Such  inflam- 
mations arc  sometimes  called  gangrenous  or  necrotic* 

The  ulcerative  process  by  which  a  slough  or  sequestrum  is  detached 
bas  already  been  described  (p.  ii;{). 

III.  New  Growth. — Inflannnations  ending  in  new  growth  are  the 

so-called  "  p»"oductive  "  inflamiuatiims  (p.  t27(>).     For  this  to  occur  the 

inflammation  must  reach  the  Hbrinous  stage,  must  endure  for  some 

time,  and  nmst  not  pjiss  on  to  suppuration.      Moreover,  the   blood- 

upply  must  be  plentiful. 

.ffiTIOLOGY  OF  INFLAMMATION.— Clinical  observation 
has  sliown  that  certain  inflainmationj.  appear  to  have  obvious  causcB, 
such  as  blows  and  strains  :  these  are  called  simple,  traumatic  or 
phanerogenetic.  We  shall  presently  see  how  few  inflammations 
fall  entirely  under  this  heading.  lit  the  vast  nmjority  of  mslanees,  no 
cause  is  obvious ;  these  may  be  called  cryptogenetiCy  although,  of 
late  years,  the  causes  of  many  such  inflammations  have  been  clearly 
demonstrated. 

It  must  always  be  rcmem1>cred,  in  considering  the  mode  of 
production  of  an  inflmuniation,  that  ffierc  ttrc  tnHi  factors  in  the  process — 
the  cause  and  the  tissues  upon  which  it  acts.     As  in  the  c.ise  of 
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other  inorbid  conditions,  the  c&uses  of  inflaminAtian  Are  excltlag 
predisposing.  Somctiiiies  no  prcclii(po»ition  is  necessan^  but  often 
the  exciting  cause  of  an  inHammation  cannot  act  unless  the  resisting 
power  of  the  tissues  to  the  irritant  in  question  has  been  lowered. 
This  inipHirment  of  resisting  power  is  the  work  of  the  predit^Hmmg 
causes;  and  it  may  be  either  inherited  or  acquir«l  (p.  KS).  It  is 
obvious  that  in  cases  where  prediK{M>Kition  is  necessary,  the  eondjtian 
of  the  tissues  is  as  essential  to  the  production  of  an  inHammation  oa  is 
the  presence  of  the  exciting  cause  :  the  fteed  and  the  suitahie  soil  must 
come  together  to  produce  the  plant. 

With  regard  to  the  nature  of  tlic  exciting  cause — it  is  always  some 
mechanical,  chemical,  or  physical  agency.  The  simple  deprivation  uf 
blood-supply>  which  leads  to  itkjury  of  the  vessel-walls  And  the 
surrounding  tissues,  is  enough.  If  these  agents  be  of  sutficiriit 
strengUi  and  l>e  continiieil  for  a  sufficient  time,  they  cause  death  of  Uic 
part ;  short  of  this,  tliey  produce  distinct  clinnges  towardn  death 
(p-  ^!'7) :  and,  in  their  slightest  intensity,  they  act  as  simple 
"  depressants " — i.c,  as  predisj>osing  causes  of  disease.  Kvery  coi>> 
dition  opposed  to  the  health  of  tlie  whole  or  of  part  of  the  kx>dy  will 
here  fin<l  its  place. 

DiHitMiIt  US  it  is  to  discover  the  cause  of  many  infiammatiouSr  we 
should  bt-ar  iti  mind  the  very  obvious  fart  that  ua  iu/htntmiiUm  ttyrr 
ariatt  nithuui  a  caujc — iimpU  or  ctnttpitj.:  If'  an  infitimnuiHoH  sprmdst  ll* 
toute  htut  jrprrad  before  tt  ;  and  pcrtUtcucr  of  an  injiammation  {chrxmicihi) 
implies  tonihiucd  tirtiofi  nf  its  riitisr.  i 

I.  Simple,  Tranmatic  or  Phanerogenetic  Inflammations*— 
Theic  arc  due  to  the  action  of  some  very  evident,  injurious  agency, 
such  as  mechanical  violence,  caustic  and  irritating  chemicals,  excessive 
heat  or  cold,  electricity  strong  enough  to  product*  clectmlysis  of  the 
fluids  of  the  ]>art,  or  prolonged  local  aniemia  and  ronset|ueut  privation 
of  blood.  It  is  characteristic  of  inHammation  from  the.se  causes  alone, 
that  it  has  no  icndencif  to  sjtrcad  bftfond  the  ftari  ortginaUtf  injured  nor  kt 
patM  o»  to  more  atiuinectl  xtoiies  after  the  tuiuse  hax  cettsed  to  act.  KvcTj" 
one  knows  how  slight  an-  the  inriammntor}-  cimngrs  induced  by  very 
severe  suhtidaueou*  injuries,  even  though  bones  be  broken  and  the 
capsules  of  joints  torn  ;  and  it  is  to  be  ho|»ed  that  all  wilJ  soon  be 
equally  familiar  with  the  absence  of  inflanmiation  when  similar  injuries, 
commuHicaiing  nith  the  atimutphrre,  arc  treated  in  such  a  way  (anttsep* 
tieallv)  us  to  exclude  all  Kccondarv  causes.  In  animals  the  elTects  of 
each  of  these  irritants  can  be  accurately  studied.     Huter  iiijvctcd  a 
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e-per-cent  solution  of  iiitrate  of  silver,  or  a  similar  solution  of  chloride 
f  zinc  into  the  musdes  and  other  tissues  of  animals,  and  thus  killed 
the  jwirt  acted  on.  In  a  large  number  of  the  cases  no  sign  of  inflammation 
was  found  in  the  surrounding  tissues.  Other  experiments  were  made 
by  plunging  a  cautery  into  a  muscle  (Hallbaucr)  and  bringing  the 
previously  divided  skin  together  over  the  injured  part,  antiseptics  being 
used.  Only  such  changes  occurred  round  the  eschar  as  tiike  place  in 
the  absorption  of  a  simple  infarct  and  its  replacement  by  fibrous  tissue. 
Here,  then,  we  have  examples  of  the  most  severe  mechanical,  chemiciil, 
and  physical  injuries  killing  considerable  masses  of  tissue,  but  only 
giving  rise  to  the  slightest  forms  of  iniiammation.  In  eadi  case  the 
action  of  the  irritant,  though  intense,  is  localised  and  of  short  duration. 

r Certain  parts  are  killed  absolutely,  and  the  surrounding,  damaged  urea 
b  a  very  narrow  one.     So  soon  as  the  moxa  has  ceased  acting,  the 
tissues  tend  of  themselves  to  recover ;  hence  inflammation  excited  by 
such  causes  ua  the  above  reaches  its  height  very  soon  after  the  intro- 
duction of  the  irritant,  and  soon  subsides  unless  some  fresh  irritant  is 
su|>erHdded.     Tliis  is  frequently  seen  after  the  infliction  and  proper 
treatment   of    a    clean-cut   wound   by   a    sharp    knife    (p.  110).      A 
emical  irritant  may  enter  the  Ixxly  at  a  distance  from  tlic  part  at 
hich  its  chief  action  takes  place :  thus  alcohol  taken  by  the  niuuth 
causes  cirrhosis  of  the  liver ;  and  turpentine  or  contharides^  inflanmia- 
on  of  the  kidneys. 
Under  tliis  heading  come  iiiHammatioas  which  are  referred  to  cold 
and  wet — "rheumatic"  and  "reflex"  inflammations.     When  a  man 
gets  conjunctivitis  from  the  action  uj)on  his  eye  of  a  draught  through 
a  keyhole,  the  relation  between  cause  and  effect  is  easily  comprehen- 
ible  ;  but,  except  on  the  hypothesis  of  greater  delicacy  of  nerve-tissue, 
i  is  not  quite  so  easy  to  understand  wliy  inflammation  of  the  facial 
rve  should  ensue  from  exposure  to  cold  whilst  a  great  thickness  of 
8u|>erficial  tissue  seems  uninjured.     But  this  diflieulty  becomes  much 
greater  when  internal  organs  (lungs,  kidneys)  become  inflamed,  appar- 
ently in  consequeucc  of  cold  acting  upon  the  surface,  or  of  wet  feet 
heumonia,  which  appeared  to  be  an  example  of  this,  is  now  almost 
roved  to  be  an  infective  disease.     In  tiiis  case,  any  efl'eet  produced 
\y  eold  can  be  regarded  only  as  predisposing.     We  know  tlmt  surface- 
Id  drives  the  blood  to  internal  organs  and  raises  the  blood-pressure, 
n  this  j>roducc  inflanunation  f     Lassar  plunged  rabbits,  shorn  of  fur, 
into  iced  water  and  thoroughly  chilled  them  ;  he  found  changes  in  all 
the  organs,  espedally  the  iuugs  and  liver.     In  these  the  vessels  were 
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often  greatly  tliUlL-d,  the  arteries  thronil>ose<l,  luiU  the  veins  sunrouni 
by  patches  of   ruund  cells.     When    the  animals  were   pregimiit,    llie 
»iu»c  changes  were  noted  in  fuetat  organs.     He  believed  the  chan|ipes 
to  be  due  to  the  irritAot  action  of  cooled  blood  ujwn  the  ve*»cU  of 
internal    |Kirts.      Perhaps   soincthinjLr  of  the   same   kind   nmy  occur  in       i 
man,  and  a  Iochji  rm/iorix  resistnitiar  must  be  assumed  to  rxplnin  why  the  fl 
kidney    in   one    ciksc,    the    hin^   in   anotlicr.    is   afferted.      Frequent  ^ 
exposure   to  cold    might   then   Im:   reganled   a^   a   caune   of  chronic 
nephritis;  for  the  tein|Kir«rj-  nllMiminurin  induced  in  hoxwc  jicoplc  by  a 
cirld  bath  shows  that  in  them  the  kicbicys  may  lie  eiisily  damaged. 

It  is  held  by  some  that  ejnxsm^  /undioual  aciimt^  is  a  direct 
muse  of  inHanmiation — conjunctivitis  from  overwork  being  the  ukual 
ttcample. 

Struiiui  influencr,  too,  call<*d  into  action  by  irritative  Icffion^  of 
nerve  trunks,  is  regaixlcd  «<«  n  direct  ciius*e ;  herpes  xostcr  bring  the 
iWvourite  instanc'c  uul  of  many  which  might  now  be  ipii>ted  as  usorc  or 
le.ss  probjdjK*  examplcH.  'i'he  data  are  not  yet  suHicient  to  decide  the 
question  (p.  N). 

II.  Cryptogenetic  Znflamxnationa. — In  a  very  large  numbtrr  a 
the  inHiuimiHtion?!   met  with   in    practice   there   ha**  been   no   obvious 
mechanicnl,  chcmicnl,  or  physical  injury.      L'ntil  recently  the  cauftcft  o 
Mich    were    obscure,   and   they  liave   hence  been   called  cryy/tgrwdir, 
a  Ifi-tter  name  than  "  idio|>.ithic." 

In  the  next  chapter  evidence  will  l>c  given  which  proves  that 
of  these  intlnnunations  are  due  to  tlic  actiim  nf  fungi.      These  may  act 
cither  a^   mrchanical  ur  as  chemical  irritants     essentially,  therefore 
they  produce  inHanunation  in  the  same  way  as  do  the  gnuss  lesion 
which  have  been  mentioned  as  cauMrs  of  Mniple  iiiHanimalion.      Bu 
fungi   which  arc  capable  of  growth   in  the  lM>ily  keep  up  a  aititm 
supply  of  the  pnxlucU  of  their  life-action  mi  long  as  the  conditions  arc 
suitable  for  their  development.     The  prtKlucts  of  different  fungi  \Tiry 
cnormuusly  in  their   |>ower  of  injuring  the  tissues — Nume   prudueing 
artual  gangrene,  other*,  varied  degrees  of  inHanmiation.      It  is  for  the 
pruductiuu  ai  tho^c  forms  of  inHamniation  which  require  the  protomgr^ 
action  of  an   irritant  Uiat  Uie   fungi  are  so  pecidiarly  suited ;  for,  eo 
long  as  they  ean  grow,  a  cttntinnetl  snpplif  of  irritant  is  kept  op.      If  th 
Irritant  is  tolerably  intcnne,  Home   variety  of  fibrinous   inflanniuiLioti 
induced,  ju»t  an  by  croton-<»il  (p.  *293) ;  when  a  strong  irritant  can  abo 
peptonisc  dead  tl&suc  and  fibrin,  suppuration  resultii.      If  the  irritant 
tcstf    intense,  the    early   stages   of  jiruducUvc    inHannuation   (p.   37 
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result,  AS  in  tubercle  Jind  leprosy.  The  characteristic  lesion  of  these 
nnd  some  other  diseases  is  n  tumour-like  inflammatory  nodule 
developed  njtind  a  spot,  at  which  [)arasites  have  lodged,  and  whence 
they  mny  spread  and  infect  neighbouring  and  distant  pnrts.  Diseases 
characterised  by  these  lesions  are  therefore  spoken  of  collectively  as 
the  /ttj'fctirc  UrniiulomaUi,  a  name  sijg^iifying  infective,  tinnour-like 
formations  o\'  p^nuUtion-tissue. 

But  il  would  l>e  a  very  jijreat  error  to  sup|X)se  that  the  presence  of 
organisms  eapibte  of  prodiiein^  irritimt  products  is  sufficient  to 
cause  iiittainuiation.  We  h^ve  already  pointed  out  that  the  resist- 
ance of  the  tissnes  must  always  be  tjiken  into  account ;  and 
although  we  are  still  probably  far  from  knowing  all  the  conditions 
which  influence  these  two  factors — the  germ  and  the  soil — experi- 
uiental  jwthology  has  discovered  some  of  them,  often  of  a  most 
astonishing  nature. 

The  rnle  of  organisms  in  the  production  of  inflammation  will  be 
influenced  by  their  detention  in  the  tissues,  by  any  local  or  general 
[)rcdis|>osition  in  the  tissues,  by  the  anatomical  chanicters  of  the  |)art 
juid  other  considerations.  These  subjects  are  discussed  in  the  following 
chapter  (p.  323).    . 

.SItiology  of  Suppuration. — No  one  now  doubts  that  suppuration 
is  coiiunoiily  tht-  result  uf  cu'^aoisms  (p.  iJ80) ;  but  the  question  is  wheth<r 
it  is  always  so.  There  is  considerable  doubt  as  to  whether  certain  simple 
irritants  cannot  be  so  employed  experimentally  as  to  produce  sup- 
puration. Nitrate  of  silver  and  similar  salts  when  injected  fonn 
albuminates  and  probably  soon  cease  to  irrit/ite ;  but  if  gliLss  capsules 
of  croton-<iil  or  turpentine,  which  are  not  thus  neutralised,  are  placed 
aseptically  in  the  subcutaneous  tissue,  and  the  capsules  broken  when 
the  wound  is  soundly  healed,  suppuration  results,  and  no  organisms 
are  found  in  the  pus  (Cheyne,  Councilman). 

Stnius.s,  Klemi>erer  and  many  other  recent  observers,  on  the  other 
liand,  using  extreme  precautions  to  prevent  the  entrj*  of  organisms 
along  with  the  needle,  have  come  to  the  opposite  conclusion — viz., 
that  tmdcr  no  conditions  do  simple  chemical  irritants  give  rise  to  the 
formation  of  pus.  Cheyne,  in  summing  up  the  evidence  upon  the 
question,  concludes  that  the  difference  of  opinion  is  due  to  the  fact 
that  the  putty-like  mass  of  slowly  dissolving  dead  cells  and  fibrin, 
which  some  observers  have  called  pus,  is  not  regarded  in  this  light 
by  others ;  and  he  agrees  that  true,  creamy  pus  is  never  seen  in  Man 
a|Mirt   from   organisms,     t^Ie   mentions,   however,    tluit    Grawitx   and 
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Sclieucrlen  Imvc  produced  acute,  nscptic  (free  from  orgnni&nw)  sup- 
ptiratioii  by  ttie  injection  of  rndaverinr  and  piitrcscine-AlkAloid*^, 
sepflMted  by  Briefer  from  putrid  flesh,  which  are  not  only  irritjuita 
but  are  also  the  possessors  of  peptonisiiijK  [xjwers. 

'Hie  conclusion  is  tliat,  in  practicrtl  medicine  and  surgerj',  we  do 
meet  with  the  formation  of  true  pus  as  a  result  of  the  action 
"simple  "  causes. 


MODES   OF  SPREAD  OF  INFLAMMATION —Spread 

of  An  inflainmatiun  implies  tiie  jirevioub  bpreud  oi  iU  vauM?.  Now, 
it  is  difKcult  tn  iindcrt^tand  tiow  tuiy  of  the  ordinary  mrchanical  or 
pliysicul  irritiitits  can  advance  frxnii  the  s|X)t  at  wliich  they  first  act  ii|iriti 
tlie  iKKly  ;  and,  although  it  is  conceivable  that  s*>ine  chemical  irritnnt, 
due  to  a  faulty  metabolism  on  the  part  of  a  group  of  cells,  might  soak 
from  the  morbid  area  into  the  surrounding  tissues  and  thus  excite 
H  more  or  Icks  progressive  intlammation,  nothing  is  known  of  sudi  a 
pn>ee5s  n\mTt  from  organisms.  An  inflammation  which  is  chnraclerised 
by  a  tendency  tn  spread  will  always  l>c  found  to  be  of  parasitic  orij^ln. 
Clinically,  iriHammations  spread  by  continuity  of  tissue,  by  tlir  lym- 
phatics, or  by  t]»c  blood-|>ath.  The  thirt!  mode  <»f  advance,  if  not 
also  the  second,  necessitates  an  irritant  in  a  particulate  state^  for 
neither  a  gas  nor  a  fluid  hi  tJie  bloml  could  cause  a  patch  of  IttAun- 
mation  at  a  distance  from  the  primary  focus,  but  would  irritate  the 
ti&sucs  generally.  Micnt-onsonisruht,  on  the  other  hand,  having  settled 
at  a  sjxit,  can  s])read  thence,  very  nmch  as  in  the  ease  of  maligrmnt 
growths.  (I)  They  may  push  their  way  along  the  paths  of  lejut 
resistance  as  they  grow,  or  be  carried  for  short  distances  by  U-mpH- 
streama  or  by  leucocytes  which  have  taken  them  up— spread  of  the 
inflammation  by  "  continuity  of  tissue  "  resulting  in  each  case  (Fig,  1  ]  3). 
(8)  They  may  be  carried  by  the  lympli-stream  long  distances  from  the 
primary  fiH'us.  ('onveyed  in  tliis  way,  they  are  usually  arrexted  tn 
the  first  lymphatic  gland  they  reach.  Here  they  often  excite  m 
secondary  inflantmation  without  having  caused  any  trace  of  Inflani- 
mation  fnitrrcn  the  primary  focus  and  the  gland  —  the  organlsaf 
pa.tiHing  easily  through  the  lymphatic  vessels,  but  l>eeomlng  arrested 
iji  the  sinuous  charnicis  of  the  gland,  precisely  like  the  particle*  of 
pigment  which  may  be  found  u|K}n  microscopic  examination  of  a 
gland  on  the  "  central  "  side  of  any  extravasation  of  blood.  (3)  Tbe 
organisms  may  enter  the  blooti- vessels  and  l>e  carried  alxiut  by  tbe 
blood-stream  until  arrested^  when,  under  favourable  couditiooa. 
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will  multiply  /mil  give  rise  to  n  secondary  (meUsUtic)  inflammation, 
such  as  we  get  in  pytemia  in  ulinost  all  organs  or  parts^  and  in  mumps 
when  the  testis  or  ovan'  becomes  iiiHamed. 

MODE  OP  ARREST  OF  AN  INFLAMMATION — Tlie 
dyinp  out  of  an  inflammation  excited  by  one  of  the  simple  causes  is 
easily  unilen>tood.  As  soon  as  the  causes  are  removed,  the  cells  of 
the  damaged  tissues  begin  to  exert  their  inherent  tendency  to  recover 
from  injury  (p.  15).     Dead  and  dying  cells  arc  removed  by  leucocytes, 


10.  113— 5w(7// j(Vr/(()«  of  a  MuscU  tuar  Shoulder,  from  a  Case  of 
Sari'oma  of  the  Hecid  of  the  Humeru.%,  showing  passage  of  smftU 
round  celts  (probably  sArcomatous)  along  the  "  lines  of  leasl  rrsist- 
aocei"  OS  in  diffuse  inHiimmahon.  Where  the  cells  are  thickest  iho 
muscle*fitires  are  obscured  or  have  disappeared. 
(From  a  specimen  by  Mr.  Boyd.) 

and  their  places  are  taken  by  new  cells  springing  from  the  normal 
tissue-elements.  But  when  once  a  brood  of  bacteria  has  gained  a 
foothold  in  the  tissues  and  has  begun  to  multiply  and  spread,  the 
inflammatory  process  also  spreading.,  pari  piutsUt  it  is  diflicult  to  see 
how  the  advance  is  checked.  Clinically,  inOainniations  spread  nipidly 
and  widely,  and  yet,  periiaps  after  causing  gangrene  of  a  large  port  of 
the  body,  become  ultiinatcly  arrested.  The  fact  is  that  all  the  time 
there  is  a  struggle  for  existence  going  on  between  the  cells  of  the 
body  and  the  invading  parasites,  and  the  victory  may  lie  with  either 
and  may  be  won  {lerhaps  easily,  perhaps  only  after  a  struggle  of  which 
the  issue  is  for  long  doubtful.      It  will  be  remembered  that  the  Hrst 
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cfTcrt  of  an  injury  i?*  to  caust-  dilntntion  of  ih*'  vcftscls  of  ft  jittrl,  and 
Landerer  sunnises  tliat  this  Hushiji^  of  llic  part  is  often  suc^x'ssftil  in 
sweeping  away  for  destruction  or  elimination  from  the  system,  bActcTM 
which  have  settled  and  bej^un  to  exercise  their  noxious  iiiHurncc  I 
thU  does  not  happen,  the  genns  will  prolmbly  rtnd  their  way  into  the 
tiHsiics  and  tlie  inflHmuintion  will  spread  more  or  less.  In  the  CAse  of 
pyoitenii"  cocci  (giving  rise  to  an  abscess,  we  have  seen  (p.  280)  that,  at 
firat,  a  zone  of  coagulative  necrosis  forms  roiuid  the  microbes,  that  thx» 
is  infihrnted  by  leucocytes  tVom  outside  and  by  ci>e<'i  from  within, 
that  it  next  sotlens  and  disappears  leaving  the  leucocytes  and  cocci 
mare  or  less  mixed  up,  but  that  by  the  eighth  or  ninth  day,  sections 
of  the  nbscess-wall  no  longer  show  this  mi»giirig  of  th<'  op|i<>sin)i;  f"rrc« 
— tlie  leucocytes  now  forming  a  compact  wall  round  the  central  fluid 
(pus)  which  contains  both  dead  leucocytes  and  the  coed.  SimUarly. 
l»eyond  the  edge  of  an  advancing  erysipelatous  or  other  sprradtnK 
inHannnation.  there  appears  a  cloud  of  these  leucocj'tes,  no  doubt  exer- 
cising M  corresponding  function.  As  to  the  weapons  with  which 
the  war  is  wngcd  nothing  very  exact  is  known.  It  may  be  that  the 
products  of  the  twu  classes  of  cells  Moating  in  the  same  nutrient  Huid 
are  mutually  injurious  and  that  those  of  tlie  body-cells  tend  to  render 
this  Huid  unHt  for  the  growth  of  the  bacteria.  Again,  it  may  be  that 
the  bacteria,  as  is  usual  with  living  things,  secrete  or  excrete  producta 
hostile  to  their  own  existence,  and  tliat  these  at  last  accumulate  in 
such  quantities  ns  to  check  the  growth  of  the  organism.  But  there 
U  another  way  in  which  microbes  appear  to  be  destroyed  about  which 
more  facts  liave  been  accumulated.  It  has  long  been  known  that 
micro-organisms,  like  oilier  particles,  are  tnken  up  by  Icuctw^ytes ; 
attention  was  first  dniwn  to  it  by  Koch  in  his  account  of  mouae- 
»eptic;eroia.  In  his  |>apcr  on  the  .l'>tiology  of  I'uberculosis,  Koch  has 
advanced  the  view  that,  as  the  tubercle  bacilli  arc  incapable  of  loco- 
motion, the  rommencemerit  of  n  tulKrrcle  is  due  to  the  escape  from 
a  vessel  of  a  leucocyte  which  has  taken  up  from  the  blood  one  or  inarv 
tul>erele  bacilli.  He  expresses  his  belief,  founded  upon  numerous 
ol)Scrvations  of  micmseoplc  spt-eimens,  that  this  leucocyte  soon  sickens 
and  bwelK  uj»,  first  into  un  "  epitheliuid  "  cell,  then  into  a  giant-cell; 
and  that  the  Ivicilli  arc  slu»rt-lived,  not  nnctmnnonty  dying  and 
disappearing  from  a  cell,  but  often  maintaining  their  position  by  the 
production  of  fresh  bacilli.  Mrtchnikoff  has  confinned  Koch's  obaer- 
vatioii  l>y  a  very  direct  nictlio*!.  He  found  that  n  litllr  crustacean, 
the  water  flea  (Daphnia  pulex).  suitable  f4ir  microscopic  obsenAtinn, 
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was  aubjrct  to  invasion  by  n  fungus,  the  pointed'  spores  of  whicli 
penetrnte  its  intestine  ami  enter  its  tissues,  where  they  are  at  unee 
surrounded  by  amtrboid  corpuscles  like  leucocytes.  The  spore  swells 
and  ultimately  breaks  into  frH^ments,  whilst  the  victorious  leucocytes 
blend  to  fonn  a  pjiant-cell.  All  this  goes  a  long  way  towanls  proving 
that,  under  favournblc  circumstances,  leucocytes  may  take  into  their 
substance  and  destroy  these  vegetable  |Hirasitcs  ;  and  it  seems  likely 
tlittt  tlie  beneficial  effect  of  moist  warmth  in  inHammation  is  due 
largely  to  the  fact  that  it  aids  nngration,  and  thus  increases  the  army 
of  Icucorytcs  upon  which  sn  nuieh  depends. 

Phasocytosii. — Nfentinu  must  here  be  made  of  Mctchnikoff's  ex- 
planation of  inflammatory  phcimmena  in  general.  In  his  opinkin,  the 
whole  process  is  the  result  of  an  effort  made  by  the  invaded  organism 
to  destroy  any  virus  that  has  gained  access  to  it.  Thus,  the  dilatation 
of  the  vessels,  the  increased  diapcdesiSj  and  the  apparent  conHict 
between  leucocytes  luid  organisms,  are  all  automatic  efforts  on  the 
part  of  the  individual  invaded,  and  not,  as  has  hitherto  been  suggesteil, 
the  purely  passive  results  of  ordinarj'  processes  on  d.imjiged  tissues. 

Metchnikoff' divides  leucocytes  into  tour  varieties  : 

1.  Small  leucocytes  with  a  single  large  nucleus.  These  are  found 
in  lymphatic  glands  in  large  numbers,  aud  are  hence  called  {t/mpho- 
cifies, 

2.  I^argt  mtmonucleated  Icucocyteit.  These  are  full-grown  lympho- 
cytes. 

.S.  Large,  coarsely  granular  leucocytes,  with  lobed  nucleus,  staining 
with  acid  aniline  dyes  {rojnnophifc  veils). 

4.  Large,  polpnicleatcd  hucnc^tes,  dttficult  to  stain  (except  nucleus), 
and  therefore  called  neuimphile  cells.  These  are  the  most  numerous 
of  all. 

The  members  of  the  second  and  fourth  groups  are  phagooftes — i.e., 
they  attack  and  attempt  to  engulf  any  organism  or  other  foreign  sub- 
stance to  the  presence  of  which  they  are  unaccustomed.  The  endo- 
tlielial  cells  are  also  phagocytes. 

According  to  Metchnikoti'  the  phenomena  of  inflammation  arc 
directed  to  bringing  the  phagocytes  into  contact  with  the  invading 
organisms  in  order  that  they  may  be  able  to  enclose  and  destroy  the 
invaders.  Inflammation  may  thus  be  either  ejtravaxcu/ttr  or  intra- 
vujrcuhr.  The  former  has  already  lieen  described  at  length.  By  the 
latter  is  meant  the  action  of  the  phagocytes  on  any  foreign  particles  ut 
jhc  (imitation.      When    an    inflanuijation   terminates   favourably,   the 
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pltagocytes  survive  Jind   llie  organisms  disappenr.      If,  howc\'cr, 
organisms  iire  too  powcrfiil  for  the  phaj5oc\'tes,  the  latter  will  die  mm 
f«ll  to   pieces  and  the  organisms   will    l»c    set  free:    Uiis   frrqucnllj 
hapi>ens  in  tubercle.     Chemiotaxis  (chemotaxis)   is   «   term    used   t4 
express  the  attractive  or  repellent  influence  which   the  envirt-niment] 
exercises  over  the  phagocytes  that  come  under  its  inHueuee,      Accunl- 
ing  as  it  attracts,  or  is  neutral,  or  is  repellent,  it  is  called  posiUvi 
neutral,  or  negative.     In  conditions  of  negative  ehemotaxis  the  orRan-' 
isms   are  unmolested   and    consequently    propagate    rnpidly ;    but    the 
phAgocytes  may  becxune  pnM>f  ngainst  this  condition  and  cease  to  be 
repelled.      In  this  case  the  final  issue  may  be  reversed.* 


CHAITER   XXI 


THE    VEGETABLE    PARASITES. 
Fermentation  and  Infective  Disease. 

It  has  long  been  thought  that  the  group  of  acute  specific  disei 
liave  a  very  sj»ccinl  cause.  The  characteristics  of  this  group  are  :  (I)l3 
they  occur  in  epidemics ;  (9)  that  they  are  obviously  contagious  and 
fectious ;  (3)  that  each  member  is  absolutely  distinct  from  it«  fellow«,  and 
runs  a  typical  course;  and  (4) — tlie  most  important  distinctiuu  of  all — 
Uut  the  {X>i»onwliich  gives  rise  to  each  of  them  multiplies  in  a  inancUcNU 
manner.  Thus  the  introduction  into  a  community  of  a  single  case  of 
one  of  these  diseases  may  be  followed  by  the  death  of  thousands  fron 
the  same  disea.se.  Fnr  a  lonj;  time  nothing  could  be  discovered  to 
acc«>unt  for  the  apj>earauce  of  these  diseases ;  though  they 
obviou&ly  produced  by  something  which  multiplied  in  the  patienl 
which  clung  about  his  clothing,  and  which  could  be  carried  Ui] 
the  air  for  considerable  dUtances.  This  "  sometliing  "  was, 
called  the  "coniagitm  "  of  the  disease  ;  and  for  many  years 
been  endeavouring  to  discover  its  nature.  It  was  soon  reco^niaed 
no  gas  would  meet  tho  requirements  of  the  case,  for  diffiision 
stx)n  put  tki\  end  l«  its  jiowcr  for  mischief.      A  fluid  was  still 


*  For  ftsiber  ialbnnatioa  on  Uwse  points  ibe  sindcal  is  referred  to  Uk  artklr 
'*  Pbafocytoiit/  bjr  Sktaey  Martin,  In  Qialn's  **  Dtedoaory  of  M«didoe."  1894, 
MftoiuUkaft*i  Leonacs  oa  Um  "  CoBpamiiTc  nuhology  of  Inflinnnaiteo/' 
Slartiag,  1993, 


THE  VEGETABLE  TAllASITES.  -ij*!) 

of  the  qiirntion.  Cmttagiott  was,  tJicrcfore,  necessarily  rcgardecl  us  a 
solid  in  n  state  of  very  fine  division — fmrficufaie.  This  amtngion  is 
known  to  be  insoluble,  because  it  can  be  removed  ironi  Htiids,  both 
by  subsidence  (vaccine,  Chauveau),  and  by  filtration,  the  poison  not 
|>a8sing  through  the  filter.  'Hjese  facts,  taken  with  its  power  of  nuilti- 
plication,  seemed  to  show  that  the  contapon  was  some  living  organism, 
hence  the  ori^n  of  the  contagiuni  vivitm  or  ^erm-throty  of  disciise.  In 
1840,  Menle  clearly  fonnulated  the  doctrine  that  Uving  organisms, 
probably  of  a  vegetable  nature,  were  the  causes  of  the  acute  specifics, 
and  sup|X)rted  the  view  by  arguments  which  have  withstood  all 
endeavours  to  refute  thera.  Since  tliat  time  an  cnonnous  number  of 
researches  have  l>een  carried  on,  to  some  of  which  allusion  will  sidv 
»e<|uenny  be  made. 

Long  l»efore  1840,  however,  it  had  been  noticed  that  a  close  ^>arallel 
miglit  be  drawn  between  an  infective  disease  and  a  femientation.  It 
may  be  presented  thus: — 

Infection Addition  of  ferramt 

...  (   Period  during  which  notbine  is 

Incubation {  .     ,     *  * 

I        noliccu. 

Fever,  oulbreik,   and    course   of  I  Rise  of  lemperatare.  and  active 

disease I         fermentation. 

Decline  of  disease  .        .         .  Gradual  cessaiton. 

2'eriod  of  protection   from   same  f  Addition  of  more  fernient  Ii.is  no 

disease t         effect. 

It  may  be  ibrthcr  noted  that,  except  in  cases  in  which  yeast  was 
added  to  the  saccharine  liquid,  the  source  of  the  fenncnt  in  cases  of 
alcoholic  fermentation  was  as  mysterious  as  was  the  source  of  the 
poison  which  gave  rise  to  an  epidemic  of  whooping-cough. 


.STIOLOGY  OF  FERMENTATION Tlie  above  parallel 

was  generally  recognised;  aiul  the  cause  of  fermentation,  being 
much  more  open  to  experiment  than  the  cause  of  infectious  disease, 
was  investigated  first  Many  kinds  of  fermentation  were  speedily 
recognised — lactic,  butyric,  viscous,  &c. ;  and  the  close  relationship  of 
putrefaction  to  these  processes  was  soon  acknowledged.  In  each  of 
these,  organisms  were  found,  and  their  relationship  to  tlie  processes  has 
l>een  the  moot  |x>int  bctweeJi  the  upholders  of  the  ntal  or  genn- 
thrortf  of  fermentation,  and  the  supporters  of  tlic  phifxiral  theon/. 
Alcoholic  fermentation  has  been  used  as  the  ty|>e  of  all. 

^le  Qerm-Theory  is  adopted  by  the  great  majority  of  scientific 
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men  at  the  prcsrtit  tiny.  Accortlinj;  to  this  view,  the  Sncchnnnnyrt« 
cerevisia*  (yvast  plant)  is  the  cause  of  the  alcoholic  fermentation.  Its 
food  U  su||^r,  together  with  nitrogen  and  some  inorganic  nia(rriAla» 
which  must  al»w>  Ue  provided  ;  the  immedijite  products  of  its  lifr-mctioo 
are  alenhol,  rarlMiii  ilioxi<le,  glycerine,  nnd  sureinic  acid.  It  is  suppottctl 
that  the  sugar  jmsses  into  the  cells,  which  take  what  they  require  for 
their  own  grtjwth  and  repair,  and  thrtjw  Iwck  into  the  surrtninding 
riiiid  the  products  of  their  activity.  Thu**  a  ycast-cell  form**  the  abaTc^- 
lUentiiMied  substances  just  Its  a  he|>:itic  cell  fiinns  the  eunstitiientji  of 
bile.  Organisms  which  act  in  this  direct  way  are  known  as  urgantMHi 
JermrnU.  But  there  i^i  another  way  in  which  very  ftimilar  results  are 
produce<1.  In^teatl  of  acting  directly,  the  living  cell  may  act  only 
through  a  "  niiddlcmnn,"  which  always  forms  the  connecting  medium 
between  the  orgauisui  and  its  clwiracteri!.tie  chemical  p^xluct»,  but 
which  does  not  itself  undergo  any  change  (p  HO'J).  "flie-se  **  mid<^<^* 
men  "  are  known  as  u/ifonnrd  JrrmtuU.  Thus^  the  diphtheria  bacillus, 
resident  in  the  faNc  meud)ranr,  gives  rise  to  a  fennent  which,  circu- 
lating in  the  HUmkI,  produces  -  mainly  in  the  spleen — the  toxic  albu- 
moses  til  whidi  many  of  the  sympttmis  of  diphtheria  are  due. 

The  Physical  Theory  aHlrms  that  fermentation  is  a  "molecular 
nu>1ioii "  tnuisiiiitlcd  to  uustfibic  organic  compounds  (fermentable 
substance)  Ity  nlbuminiud  j>articlcs  (ferment)  which  are  themselves  the 
seat  of  "motor  decay"  (i.e.,  are  undergoing  decomj»osition).  The 
molecular  motion  of  these  particles  may  initiate,  in  a  large  amount  of  M 
more  sljdile  substance,  changes  similar  to  those  of  which  they  are 
themwlves  the  scat  Any  jHirtion  of  the  substance  to  which  lhi& 
molecular  motion  hafl  been  eonimunicated  w  capable  of  transmitting  ft 
to  other  suitable  nwterjal,  anti  thus  the  ferment  jirrms  to  multiply. 
The  fennent  communicates  its  vibrations  to  the  particles  with  which  it 
cumex  into  contact,  luuJ  the^e  again  to  neighbouring  ptirtieles,  much  as 
a  s|Mrk  causes  the  decomfKisitioii  of  n  train  of  gun^Mjuder.  Hastian 
•ays  that  there  is  no  proof  of  multiplication  other  than  that  which 
ocirurs  in  a  sufficiently  stning  solution  of  sulphate  of  sodium  when  a 
crystal  of  the  same  salt  is  thrown  in. 

It  Is  very  ditiicult  absolutely  to  disprove  the  physical  theory.  lift. 
sup|iorter^  admit  the  frequent  presence  of  organisms  in  fcrmentitig 
fluids,  Imt  regard  them  as  nccidenis,  or  as  s|Mmtiineously  generated. 
because  the  same  decom|Kisiti<ins  can,  in  (tome  instances,  l>e  eflected 
in  their  alienee.  Thus  dilute  alcohol,  run  over  wood-sliavlttgs  or 
charcoal  so  as  to  cxj>ose  a  large  surface  to  air,  is  converted  into  vinegtf. 
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But  this  is  no  evidence  agairtitt  the  ability  of  the  Mycxiderma  aceti 
also  to  effect  the  oxidation  us  a  vital  act ;  and  indeed  distinct  differences 
exist  between  the  two  processes. 

On  the  pliysical  theory',  much  was  made  of  the  fact  that  spontaneous 
fermentJitions  are  nlways  more  or  less  impure  ;  that  is,  there  are  found 
in  the  fermenting  Huid  many  germs  quite  different  from  those  essential 
to  the  iwirticulur  fcmientiition.  Agiiin,  organisms  exactly  correspond- 
ing in  form  were  found  in  Huids  undergoing  very  different  decom- 
|x>sitions.  From  such  facts  it  was  argued  that  there  was  no  constant 
relationship  between  any  one  germ  and  any  particular  kind  of  de- 
composition. Vh*:  predominance  of  one  characteristic  form  wjis  accounted 
for  by  supposing  that  the  conditions,  peculiar  to  eucli  kind  of  ferment- 
ation, either  favoured  the  growtli  of  a  certain  orgimism,  or  originated 
it  de  novo.  But  it  has  now  been  shown  in  very  numerous  instances, 
that  it  is  jKissible  to  obtain  a  cultivation  of  tnch  of  the  various 
organisms  found  in  a  fermenting  Huid,  and  to  demonstrate  that  a 
special  decomposition  does  not  occur  unless  one  particular  form  of 
genii  is  present,  all  other  forms  being  variable  and  accidental  im- 
purities. And  it  has  also  been  shown  that  organisms,  indistinguishable 
from  each  other  under  the  microscope,  may  give  rise  to  ver^*  different 
chemical  products  when  grown  u|x>n  the  same  culture-medium,  and 
may  produce  absolutely  different  results  when  inoculated  u])on  animals 
of  the  same  species.  It  is  clear,  therefore,  that  similarity  of  external 
form  docs  not  imply  identity. 

A  pure  cultivation  of  an  organism  is  obtained  by  transferring  a 
minute  quantity  of  the  substance  containuig  it,  to  some  material  in, 
or  on  which  it  will  grow  readily.  The  transference  is  generally 
effected  by  means  of  a  sterilised  needle.  Sometimes  stdid,  and  some- 
times Huid  culture-grounds  are  employed  (p.  H'M).  For  the  present 
purpose  a  solid,  trans|)arent  material  is  the  best.  Once  placed  under 
favourable  conditions  the  orgjinistn  grows  rapidly.  From  the  manrht 
of  the  |Witch  formed  by  it,  a  fresh  culture-ground  is  inoculated  with 
a  needle  in  the  same  way  as  betbre.  'i'his  process  may  be  repeated 
any  number  of  times.  Germ-theorists  believe  that  they  can  Urns 
eliminate  everything  taken  from  the  original  fenncntution  except  the 
organism  which  is  cajKiblc  of  growth  ;  and  they  have  endeavoured  to 
nmke  this  still  more  certain  by  the  addition  of  further  precautions, 
such  as  (i)  by  washing  the  organism  with  sterilised  water,  and  other 
fluids  inca|wble  of  destroying  it,  (2)  by  iiltration,  and  (3)  by  drying. 
They  show  that  even  after  these  procedures  inoculation  of  a  suitable 
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bubstancc  with  the  snrviviiifr  and  purified  orjpuitsm  still  Iwuls  lo  thi 
characteristic  feimentntion.  But  it  is  jtosjrtUc  tlwt  "  particlir^  in  a 
state  of  motor  decay  "  may  have  been  in  the  (iiNt  and  each  succeed- 
ing instance  inoculated  uiKin  the  culture-ffrouml  with  the  urgjinikin*, 
and  that  tlicy,  too,  may  have  been  practically  mtiltiplied  by  tbe 
communication  of  their  molecular  motion  to  the  moleculn  of  the 
cii  I  til  re-ground.* 

Nevertlielcss,  germ- theorists  have  rendered  it  certain  tliat  thcitc 
"particles  in  a  state  of  motor  decay"  adhere  so  closely  to  the 
organism  which  is  constantly  present  that  they  are  only  able  to 
impart  their  molecular  motion  to  substances  in  M'hich  thib  organiun 
will  grow.     Kor  if  the  organism  dies  no  fermentation  occurs. 

Moreover,  the  "particles  in  a  Htate  ni  motor  decay"  have  never 
been  shown  to  possess  existence  apart  from  organisms.  So-cii]te<l 
'*  antiseptics,"  which  are  selected  on  account  of  their  ability  lo  destroy 
the  lower  organisms,  invariably  check  the  molecular  motions  of  the 
physical  ferments:  so  also  does  heat  sufficient  to  destroy  organUni*. 
In  general  terms,  the  pn>pertics  of  the  physical  ferments  are  those  of 
the  organisms. 

Fiiuilly,  it  has  been  shuwn  of  several  fenneututious  tluit  the  tiiinnc^t 
membrane,  or  the  bhortcnt  cobnnn  of  fluid,  i!»  sufficient  to  prevent  the 
transmission  of  these  4up|Mised  vibration!*;  that  direct  contact  witli  tJic 
ferment  is  necessary  ;  luid  that  sonorc»us  vibrations  have  no  influence 
upon  fermentable  subHtonces.  If  a  solution  of  sugar  in  a  test-tube  !■ 
divided  into  two  |wtrts  byn  phig  of  cotton-wool  and  yeast  is  intrtKluocd 
into  tlic  up|>er.  this  part  altme  ferments,  tlu>ugh  Jtnui  itmtimtiJ^  u 
UHintcrmptvd. 

Although  tile  physical  theorj-  may  Ik*  theoretically  |K>ssible,  the 
progress  of  discovery  luis  shown  tliat  its  rival — the  vital  theory — ia  the 
truer  one.  To  accept  the  physical  theory  one  must  *ct  «.sidc  a 
perfectly  satisfactory  and  evident  cause  (the  urgiuiisms)  and  pn»erecl 
to  support  one  hypothesis  by  another.  We  therefore  conclude  that  ji// 
thf  prtHTMUfJi  ttmiprtJirti  tn  the  terms Jt^nneutatitm  ami  fmhrfaction  arr  due  to 
tht  action  uf  vegttaUf  uri^antsiiix. 

*  Inoote  power  of  inunrasiaK  or  growias  ii  not  coocluilvc  of  Ufe.  Liebif  poinl«xi  oai 
Uut  A  tmatl  quAntity  ol  oralic  add  will  art  upon  a  very  largr  quiinUiy  of  otamitlc,  vpluiiag 
itic  Utter  into  oxalic  «cid  nnd  amnioniii — otic  might  %ay  iliui,  supplied  with  «ti,ii&bJe 
lAitmluiii.  the  oriltc  a:id  ini-rf.iin  indHinitrly  tUum^attcn  »ay»,  ilic  difTcirncv  bai 
the  clicitiiotl  changes  cflrctcd  by  ovalic  *t:td  sml  by  bving  orgAnisiiis  is  th^t  the 
act!  hj  juxta^Uitm.  the  latter  by  tfitiusiiUf/tMH  .  but  Um  may  mean  only  \\ 
with  internal  tiatucs. 
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How  do  these  organisms  act  ?     The  princif»il  views  are  : — 

1.  Oi'^nnisnis,  like  all  living  cells,  require  certain  materials  for 
^owth  nnd  repair.  7'hey  take  into  their  substance  the  organic  anil 
inorganic  compounds  wliieli  are  necessarily  present  in  any  liquid  in 
which  they  can  grow,  and  tliey  give  back  to  the  Hiiid  the  products  of 
their  action.     These  are  known  as  "  organised  fermenh." 

2.  Certain  organisms  produce  "  unfonned  ferments "  (p.  300).  The 
chief  characteristics  of  these  unformed  ferments  are:  (I)  that  they 

to  act  by  mere  contact  {"  cutalytioally  "),  taking  no  jwrt  in  the 
impositions  to  which  they  give  rise ;  ('2)  that  they  act  in  extremely 
small  quantity;  (a)  that  they  do  not  multiply^  but,  nevertheless,  can 
tnmsform  many  limes  their  weight  of  the  fermentable  substance, 
Ihimgli,  uUimately,  they  become  exhausted;  (!•)  that  they  are  soluble, 
and  are  always  derived  from  living  cells;  (5)  that  they  all  require 
water  or  moisture  to  enable  them  to  act,  some  preferring  an  acid,  others 
an  alkaline  reaction ;  ((>)  that,  like  the  organisms,  they  act  best  at  a 
certain  tem)K-rature ;  and  (7)  that  while  any  marked  deviation  of 
tem|>erature  arrests  their  action,  and  any  considerable  degree  of  moist 
heat  destroys  their  properties,  they  are,  when  dried,  as  resistant  to  all 
physical  and  chemical  agencies  as  spores  themselves.  They  are 
ciimpK'X  albuminoid  bodies,  and  can  be  extracted  by  glycerine. 
I'tyalin,  pepsin,  trypsin  are  well-known  examples  from  the  human 
body  ;  emul&in  (bitter  almond)  and  diastjise  (barley)  from  the  veget- 
able kingdom,  It  is  certain  that  some  bacteria  (f.^.j  putrefactive  and 
j)yogenic  cocci)  form  diastatic  and  peptic  fennents,  which  can  be 
se|uirated  from,  and  act  in  the  absence  of,  the  organisms.  Museulus 
has  separated  from  the  Micrococcus  urea*  a  btidy  ca)>able  of  changing 
urea  into  ammonium  carbcmate.  The  organisms  of  cholera  and  diphtheria 
furnish  excellent  examples  of  the  power  of  a  strictly  localised  organism 
to  give  rise  to  general  changes  through  the  mediation  of  "  unformed 
ferments." 

S,  Niigcli  has  adopted  the  view  to  which  Liebig  seemed  tending — 
that  the  life  and  growth  of  cells  is  necessary-  to  fermentation,  the 
chemical  changes  being  always  due  to  the  transmission  of  the 
molecular  motions  of  living  protoplasm  to  the  unstable  compounds 
around  it. 

Prodacts  of  Fermentation. — In  all  processes  bodies  are  fonned 
which  hinder  the  deveUqjuienl  of,  and  ultimately  destroy,  the 
organisms  which  produce  then).  Ihus,  the  alcoholic  fermentation 
is  checked  and  ultimately  arrested  bv  Die  aceumulatiou  of  alcohol ; 
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while  putrefAction  is  hindered  by  the  development  of  l)odics  like 
carlwlic  acid  and  cressol.  It  will  be  remembered  tliat  AniniAl* 
produce  substances  having  a  corresponding  eflect  —  eg. 
dioxide. 

If  the  atialof*\%  pointed  out  on  p.  999,  between  infective  disesset 
and  fennentiition  were  strictly  true,  wc  might  at  once  infer  thmt 
thrsf  diseases  were  caused  by  the  growth  and  life-action  of  vegetable 
organisms  in  the  tissues  of  the  body^  especially  jls  many  low  forms 
vegetable  life  Imve  been  found  associated  with  !«uch  diseases.  But 
one  could  jLCcept  the  conclusion  on  the  evidence  of  su  su|>erfu*ial 
redciiiblance.  The  same  btringent  proofs  must  be  nfl'orded  in  the 
of  each  disease  as  were  demanded  in  the  c/isr  of  each  fcnnentatfion. 
How  far  these  proofs  are  forthcoming  will  Ik-  shown  in  the  concluding 
part  of  the  present  chapter.  Wc  sh.tll  now  state  shortly  what  i% 
known  uf  the  l>utanicnl  |K>Mtion  and  lifc'hi^tury  of  tlie  ve^ftal>1e 
parasites  of  man. 
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The  Bacterift  or  Schlzo-mycetei* 

MORPHOLOGY  ANJ>  LIFC-HISTORY.— Ttie  vegetable 

organisms,   which  have   l>een   found  connected  with  the  discaaes   oi 
man,  arc  all  Tfuiilophtftcjt,  or  plants  in  which  no  distinction  bctweeitl 
stem  and   leaf  exists  ;  and,  as  they  are  all  destitute  uf  chlorophyH^| 
they  belong   to   the   class   of   f'twgt,  not  Algte.     The  para^tic    fiui 
are  of  three  kinds — Bacteria  or  Schico-mjfcrhJt^  Yeasts  or  Hit 
ptijfcvteJt,  and  Moulds  *>r  1 1 ifp/u>-miftcies.     The  bacteria,  besitlc-s  causi; 
putrefjiction  and   several  of  tlie  "  fennentutions,"   include  almost  all 
the  organisms  which  arc  believed  to  produce  the  infective 
They  ure,  therefore,  by  far  the  most  important  group. 

The    Schiso-mycetes    or    Fission*fangi    arc,   with    very   fe 
exceptions,    a-cliloroph^llous,    non-nucleated,    uiii-ccllular    organi* 
Many  of  them  approach  the  limits  of  microscopic   vbibility,  whilst 
all  are  ver^'  minute. 

Form..^ — In  form  thry  may  t>c  said  to  follow,  more  or  less  doael 
one  of  three  type* — the  Kphere^  the  rod,  and  the  cttmiua.  The  tjiAfrit-n! 
iMctcria  comprise  tliose  of  any  shape  between  a  sphere  and  a  cube  'the 
rod-jihajMrd  bacteria  may  l>c  short  and  thick  with  nmndcd  eods,  so  as 
closely  to  approach  an  oval ;  or  they  may  be  lung  and  thin  w 
M]uAre  endt  ;  or  they  may  exliibit  any  jiossiblc  combination  of  th 
features.     'Hie  comttuu  in  some  cases  are  long  and    thin,  in   oi 
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short  and  thick  :  they  differ  also  in  their  degree  of  curvature.     Spiraf 
and  dumh-helt  forms  are  less  common. 

Structure.  —  Bacteria  consist  of  a  peculiar  form  of  protoplasm, 
mtfcoproiein  (v.  Nencki),  and  appear  structureless ;  but  it  is  very 
probable,  from  their  ^eat  resistance  to  alkalies  and  dilute  acids,  that 
they  jmssess  a  cell-membrane  of  some  carbo-hydrate  allied  to  cellulose. 
During  the  formation  of  spores,  and  after  the  action  of  tincture  of 
iodine,  w'hich  stains  and  causes  shrinking  of  the  protoplasm,  a  fine 
membrane  may  be  actually  seen.  It  is  \ery  elastic,  and  seems  to  form 
the  inner  layer  of  a  gelatinous  envelope,  by  more  or  less  of  which  all 
bacteria  arc  surrounded. 

Colour. — Ricteria  refract  light  strongly,  and  cause  turbidity  of 
any  culture-Huid  in  which  considerable  numbers  are  present.  Apart 
from  artificial  staining,  a  mass  of  organisms  is  usually  colourless — i.e., 
white  or  greyish.  Some  organisms  are  green  from  chlorophyll  :  others 
are  brightly  coloured,  red,  blue,  yellow,  &c.,  the  tint  being  mainly 
in  the  envelope.  Bacteria  are  stained  with  more  or  less  difficulty  by 
several  aniline  dyes,  and  many  of  them  may  be  identified  by  their 
special  staining  reactions.  The  colour  produced  is  not  always  uniform. 
This  irregularity  generally  de]>ends  on  spore-forraation  or  on  degener- 
ative changes.  By  some,  it  is  regarded  as  a  possible  indication  of 
definite  structure.  Some  forms  are  stained  brown  by  iron  salts  in 
water.     The  starch  reaction  with  iodine  is  not  rare. 

Movement. — Single  round  cells 
have  no  movement  other  than 
Brownian  ;  but  chains  and  colonies 
of  them  are  said  by  Ogston  to  be 
capable  of  locomotion,  though  this 
opinion  is  not  generally  accepted. 
The  ro<l-fonns  have  often  a  mobile 
and  a  motionless  stage ;  but  some 
never  move — r.g.t  B.  anthracis,  B. 
tul>erculosi».  In  a  few  cases,  when 
specially  stained,  one  or  more  cilia- 
like  filaments  or  flagellu  have  been 
found.  Tliese  seem  to  be  con- 
nected with  the  cell-membrane 
rather  tlian  with  the  protoplasm, 
thus  differing  from  true  cilia.  In  some  organisms  one  or  more  flagella 
are  found  at  one  end  only  ;  in  others,  as  in  the  cholera  spirillum,  they 
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Fig.  114— "/?/«<■  .J/»/it "  a/ci7/r— stained 
by  LceffltTi  method  to  show  Bagella. 
(From  a  specimen  by  Dr.  Arkle.) 
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may   grow   (rom  t»oth  ends ;  and  in  a  few,  among  lliMii  llie  typluiid 
bacillus^  tliey  are  very  fine  and  are  nttached  all  round.     By  means 
these  flnjjfUa  movement  is  probably  t-ffecled.     No  mntuMiIcMbacteril 
is  provided  with  fla^ella ;  though  on  iiiiuiy  mobile  forms  none  havt:  y< 
been  found.     In  the.se,  the  mode  in  whieh  motion  is  produced   U  ui 
explained.     Certain  algtr,  larger  and  higher  in  the  scale  tliaii   iNu-trria^l 
move  in  a  similar  manner,  but    have   no  cilia.     Often  no  reason  can 
be  assigned  for   a  chaiigc  from  motion  to  restj  or  mr  vcrs/i,     A  ^ixiii 
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Fig.  11$.— Ifta^rom  to  ikvtv  Afe/Aifds  ^Reproduction  by  FisMn. 
a.  Fission  in  one  direction— tbr  kcgmcnu  lengthening  as  ihcy  divide;. 
4.   Fiuion  In  two  directions— cacfa  segment  Hihsequenlly  divida  in  ihr 

■unc  dtrection  as  in  a. 
€.  Ffaudon  Ui  three  direciioni — in  onr  direction  division  Ilka  pUoe  Ui 

two  parallel  planes. 
it.    Fiaion  in  three  directions. 

supply  of  oxygen  seems  to  be  connected  witli  the  active  motkn 
some  forms. 

Reproduction.— 1.  By  Fission.— All  bacteria  multiply  bytrsa*- 
vrrse  division.  In  the  rod-i'orms;  tliis  occurs  in  a  direction  at  right  angles 
to  the  long  axis.  In  the  spherical  forms,  it  rnay  take  place  Ui  two  or 
iu  three  directions  at  right  angles  to  each  other.  IIjus  one  cell  may 
divide  by  a  single  act  of  reproduction  into  two,  four,  or  eight  equal 
segmental.  If  two  or  more  |inrnllcl  tlividing  planes  occur  beforr  tJ 
6e|mration  of  the  segmciitu  taketi  place,  Uie  niunber  of  these*  will 
largely  and  proportiooatcly  increased  (Fig.  1 1 5  c).  A  cellj  which  di%*M 
in  a  single  plane,  f  lonpntr^  as  it  divides^  so  that  the  progeny  rrUlii 
prujMjrtioMN  of  the  origitud  parciiL-cell. 
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The  first  sign  of  division  13  the  ap{>ear»nce  of  a  fine  transverse  line 
crossing  the  cell,  continuous  at  its  ends  with  the  cell-membrune,  and 
often  at  first  Imperceptibie  until  stained  with  iodine — a  point  to  be 
remembered  in  estimating  the  length  of  apparently  single  cells. 

The  new  cells  formed  by  fission  may  at  once  separate  from  the 
parent ;  or  they  may  for  a  time  remain  united  to  each  other,  end 
to  end.  In  this  way  pairs  or  chains  of  cocci  and  long  filaments  of 
rods  are  formed.  A  mass  of  organisms  lying  side  by  side  in  more  or  less 
spherical  colonies,  and  lujund  together  by  a  viscid  substance,  formed 
of  swollen  cell-membrane  or  of  mycoprotein,  is  known  as  a  zooglccn,* 
Zooglcen*  oflen  combine  to  form  constant  characteristic  appearances 
by  which  the  organism  may  be  recognised — even  by  the  naked  eye 


Fig.  116. — C^oniej  f>/  Bacteria.  In  this  figure  tlte  enormous  diifercncc 
that  may  exist  between  the  grouping  of  one  mass  of  organisms  and 
that  of  others  is  shown.     {After  Sternberg.) 

'Ig.  I  ifi).  I^rge  aggregations  of  bacteria  are  always  slimy  owing  to 
the  zoogla?ae.  The  "frog-spawn"  coccus  (/.rucoBOj^ot)  may  fill  whole 
vats  in   sugar-factories,   Creriothrix  Kuhniana  and   dadothrit  dichotoma 


■  Cocci  and  micro-cocci 
Diplococci 
Streptococci 
Staphylococci 
Tetrads 
Sorcino: 
Microboctcriuin 
Dcsrooboctenuiii 
Bacillus 

SpirJUuro  and  vibrio  . 
Spirochacta 
Lt^ptothrix 
Zoogtcca 
Clostridium 
Spirobacterium  . 


Sphencal  or  nearly  spherical. 

Coed  in  pairs. 

Cocci  in  chains. 

Cocci  in  groups  like  bunches  of  grapes. 

Group  of  four  cocci  produced  by  imperfect  cleavage. 

Group  of  eight  or  more  cocci,  similarly  produced. 

Length  not  more  than  twice  breadth. 

Length  more  than  twice  breadth. 

Straighi  desmobaclerium. 

Carved  desmobacteria. 

Flexible,  corkscrew,  desmobacleriom. 

Long  unjoinied  thread. 

Group  of  agglutinated  bacteria  of  any  form. 

Bacillus  with  uansversc  projcciion. 

Curved  bacterium. 
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may  block  wntrr-pipes  and  cover  reservoirs  to  a  depth  of  several  tedf 
and  a  Bj>ecics  of  Beggtatoa  covers  a  large  area  at  the  bottom  of 
lUy  of  Kiel,  called  the  "  dead  "  ^jround  because  fish  avoid  it  :  thesp  fei 
examples  sttow  how  extensive  may  be  the  development  of  EoogU 

The  time  occupied  in  division  h.'is  l>een  variously  given  at  from  teaj 
to  thirty  minutes ;  and,  as  the  offspring  proceed  at  once  to  divide  liko 
their  pjirents,  a  single  bacterium  may,  in  twenty-four  hours,  give 
to  a  proffcny  wliich  Cohn  estimates  at  over  I  (i.OOO.OOO, 

^.  By  Spores. — Another  inetlitHl  of  multiphcation  is  met  with] 
lunong  the  fi«sion-fungi — rmmely,  the  formation  of  spores.  Spore- 
bcArinj;;  organisms  have  been  divided  into  two  groups — mdotptfnmt  Mid 
arihroxporouji. 

The  endfutpomuM  group  consists  at  present  of  certain  lonj?  rod-fionBt 
(baciifi)  and  some  spiral  fttnns,  but  it  is  more  than  likely  tliat  ft] 
win  be  found  in  species  in  which  they  are  not  noM'  known  to  occurj 
The  a|K>re  fonns  iw  a  minute  jioint  in  the  cell.  enUrginK  rapidly, 
oflen  attaining  maturity  in  n  ftrw  hours.  It  is  then  a  clear,  round 
oval,  highly  refracting  body,  which  has  evi<lent1y  grow'n  at  the  ex] 
of  thr  c*ell-cont('nts  r  tlie  latter  gmdtially  disup|>ear.  A  spore  consii 
of  protoplanm  itud  fat  enclosed  in  a  firm  capsule.  It  is  quite  cxt 
tional  to  find  more  than  one  in  a  single  segment.  Spores  have  often 
tt  vcrj'  close  resemblance  to  vacuoles. 

U  was  fonnerly  supposed  tliat  s (to re-formation  was  a  result  of 
exhaustion  of  the  substratum,  and  evidence,  therefore,  of  lowered 
vitality.  But  it  is  now  knouTi  to  take  place  most  readily  vhen  the 
conditions  of  growth  are  most  favourable.  Spore- formation  in  anthnx 
Ivicilli  can  be  arrested  liy  reducing  the  temperature  of  tlie  orgnnlaatt 
lt<rlow  ao"  C.  or  by  intrttducing  certain  modifications  into  the  culbire»_ 
ground.     Fission  and  spore-foniiation  may  go  on  togetfaer. 

The  spores  arc  extremely  resistant  to  unfavourable  surrmin« 
owing,  apparently,  to  the  qualities  of  their  fine  limiting  meml 
If  after  lonj;  j«*ri«Kls  of  (juiesccnce  they  are  placed  in  favoiirablr 
conditions,  germination  takers  place:  their  membrane  swells,  thry  locr 
their  fbie  dark  outline,  and  the  new  vegetative  cell  grows  out  in  the 
dirpclion  of  the  long  axis  of  the  spore. 

In  the  aTihnntjHintuji  f^mup  no  spores  are  found  within  the  celK;  but 
certain  cells,  durinj?  the  process  of  division  by  fission,  exhibit  unusaal 
reprtKluctivr  powers,  and  arc  therefore  regarded  as  spores.  Sometii 
these  arthrospores  are  larger  than  the  re»t  of  tlie  cells :  in 
instance!  nn  difference  in  appearance  can   be   made  out. 
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_  ^JUk^pX  example  of  the  Hrst  variety,  the  frog-sp»iwn  coccus  may  be 
chosen.  It  consists  of  chains  of  cells  agjrhitinnted  into  zoogloeae,  and 
the  £oogliru-form.s  arc  blended  together  into  irre|i^ilar  musses  as  larf^c 
as,  or  larger  than,  a  hazel-nut  Hero  and  there  a  cell  in  the  chains 
becomes  larger  than  its  fellows,  all  of  which  die.  The  large  cell,  if 
transplanted,  germinates. 

All  micrococci  and  micrubacteria  are  believed  by  some  tti  furnish 
examples  of  the  second  variety.  No  distinction  can,  however,  be  drawn 
between  the  early  and  late  stages  of  cocci,  and  it  is  better  therefore 
not  to  include  spherical  forms  among  spore-bearing  organisms. 

Many  bacteria  are  munumvrphw — i.v.,  between  their  spore  and  their 
full  development  tliey  exhibit  only  one  form — ^that  of  their  spore. 
Slight  variation  in  tlie  size  and  form  of  the  cell  is  the  only  variation 
that  such  organisms  present  Others  are  more  or  less  polymorphic — i.f., 
in  their  life-history  spores,  rods,  filaments,  and  zooglcese  can  be  traced, 
succeeding  each  other,  or  mixed  up  together. 


CONDITIONS   OF   I^FE    ANB    GROIVTH.— Environ- 

ment. — There  is  otien  a  marked  contrast  between  the  conditions 
essential  to  the  mere  existence  of  an  organism  and  those  which  are 
necessary  if  it  is  to  grow  freely.  In  this  section  will  be  considered  the 
inHuence  which  a  few  mo<litications  in  the  environment  have  on  the 
life  and  growth  of  organisms  taken  together.  Each  variety  of  fungus 
seems  to  differ  from  all  otlicrs  in  its  food-requirements,  though  all 
must  be  supplied  with  the  materials  whence  they  can  obtain  the 
elements  of  which  they  consist.  These  are  carbon,  hydrogen,  nitrogen, 
phosphorus,  sulphur,  calcium,  magnesium,  and  potassium.  The  6r&t 
four  are  generally  provided  by  carbohydnites  and  albuminoids ;  the 
rest  by  inorganic  salts  present  in  animal  and  vegetable  tissues.  Certain 
bacteria,  however,  can  assimilate  nitrogen  and  carbon  from  much  less 
complex  substances  than  albumin  and  carbohydrates  when  these  are 
not  available.  This  is  shown  by  the  growth  of  putrefactive  organisms 
in  Cohn'a  fluid  (phosphate  of  potassium,  '5  ;  sulphate  of  magnesium,  1  ; 
phosphate  of  calcium,  '05:,  tartrate  of  ammonium,  I  ;  water,  100).  For 
the  growth  of  others,  the  more  complex  bodies  are  essential.  Thus  beer- 
yeast  will  not  grow  unless  glucose,  or  some  bo<ly  convertible  into  it,  is 
present  It  is  possible  that  such  a  fluid  and  sueh  ctmditions  could  be 
discovered  for  each  fungus,  that  it  alone  would  grow  in  them.  Itaulin 
worked  out  the  composition  of  such  a  fluid  for  a  mould  (.^six^rgillus 
niger),  and  proved  tlic  value    of  each  constituent  by  estimating  the 
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dimmution  in  weigi»t  of  a  specimen  of  the  dried  pUnt,  yicltled  by* 
Uinquantitv  of  the  fluid  from  whicli  the  constituent  under  iiive«tig«tioci, 
had  been  withdrawn.     V^cn*  slight  differences  in  the  com|>osition  of  the 
food -mate  rial    may   favour  tlie   growth  of  one  organism  more  than  of, 
another.     Nagch  says  that  in  a  neutral  fluid  containing  sugar,  in  wbi 
were  moulds,  yejists,  and  Imctcria,  only  the   latter  flourished — causifi 
lactic  acid  fermentation ;  but  the  addition  of  ftafj'  fnf  cent,   of  tjutjui' 
acid   brought   the  yeasts  to  the   fore,  with  the   formation  of  Klcrthol 
whiJe  the  addition  of  four  to  Jive  fter  rmt.  of  the  same  acid  ca4AMrd  t 
moulds  to  develop.     The  reaction  of  the  fluid  has  a  marked  inHuen 
in  this  respect.     As  a  rule,  acidity  is  unfavourable  to  the  dcvt-loprnrnt 
of    bacteria,    alkalinity    favourable-  tlie    reverse    usually    holding    for 
yeaatii  and  moulds.     Very  slight  difTcrences  may  suffice  to  prevent 
growth  of  a  bacterium  ;  for  example,  Koch  was  unable  to  produce  an 
disease  in  Jiriti-micr  with  an  organism  which    alM'ays   pnnlucrd    fa 
septicemia  in  ho»ise-mice.     Some  similar  difference  would  seem  to  cxi 
between  two  men  exposed  to  the  poison  of  an  acute  s|>ccific,  one 
whom  catches  it,  whilst  the  other  does  not.     A  very  slight,  pracUcftUy 
im]>erceptiblr,  change  in  the  metnlmlism  of  the  body  or  of  a  put  msjr 
enable  organisms  to  flourish  there,  even  though  they  were  quite 
to  do  HO  a  short  time  before. 

Many  chemicml  inbltances,  are  inimical  not  oiitN  (•• 
but  also  to  the  vt-ry  cxist(.iu-t'  of  organismn.      It  li.i-lc  >  u  -u^  hat 

the  tenn  ** antiseptic  "  should  l>e  reserved  for  those  sulntance*  whirh 
pret'fnt  their  f>nt»ih  but  which  do  not  cause  their  <lestruction  ;  while 
those  which  actrntUif  kiU  the  genus  should  l»e  called  "germicidem.^ 
Rut  the  distinction  is  not  an  abtiolute  one.  'llie  difference  in  nuui 
?«  depends  on  the  degree  of  cttncentration.  Thus  most  gennic: 
be  so  dthitcd  that  they  act  only  as  "antiseptics";  though 
inverse  is  not  equally  true. 

Mrrcuric  chloride  is,  on  the  whole,  the  most  powerful  cheniical 
germicide  known.  A  solution  of  1:1000  will  kill  any  spores  in  half  an 
hour.  It*  power  U  increased  by  the  addition  of  salt  or  of  hydrochloric 
acid  (Ave  times  aa  much);  while  it  is  seriously  diminished  by  the 
presence  of  an  albuminous  fluid,  and  absolutely  destroyed  bv  the 
addibon  of  alkaUes,  and  therefore  of  soap. 

A  l:tiO  watery  solution  of  carbolic  arid  rapidly  destroys  fblly  dc« 
velopcd  bacteria,  but  takes  a  few  days  to  kill  the  more  rcalttJUit 
ftporcK.  riic  a<ldition  of  hydrochloric  acid  (half  as  much)  increases  Its 
germicidal  value.     On  the  other  hand,  anthrax  s{M>res  have  survitrd 
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for  three  months  n  1 :  iiO  solution  ot'  carbolic  jicid  in  oiL  Typhoid 
bAcilli  have  an  unexplained  tolerance  for  carbolic  acid.  Salicylic  acid, 
boric  acid,  sulphur  dioxide,  chlorine,  bromine,  iodine,  and  a  multitude 
of  other  substances  have  a  weaker  but  analogous  action.  It  is  especially 
worthy  of  note  that  while  hiootl-iloi  in  wounds  is  a  substAiice  on  which 
most  bacteria  thrive,  bioodserum  in  artificial  cultures  is  distinctly 
inimic^d  to  the  growth  of  many  of  them. 

It  will  be  readily  understood  that  the  germicidal  ]X5wer  of  any 
substance  must  to  some  extent  depend: — (I)  on  the  nature  of  the 
organism  ;  (2)  on  the  degree  of  virulence  of  the  particular  specimen  in 
question ;  (3)  on  any  physical  conditions  that  may  interfere  with 
immediate  contact;  and  (4)  on  the  presence  of  any  neutralising  or 
incomi>atible  substances.  It  must  be  remembered,  too,  that  the 
rapidity  and  extent  of  the  cflTcct  produced  on  organisms  separated  by 
cultivation  from  all  the  constituents  of  the  exudations  and  secretions 
in  wliich  Ihcy  are  commonly  found,  ns  well  us  t'roni  other  organisms 
that  may  usually  co-exist,  is  ruj  vjracJ  measure  of  the  effects  that  will  be 
produced  when  wounds,  cavities,  or  surfaces  of  the  body  are  concemeil. 
Neither  must  it  be  forgotten  that  the  very  substances  which  are  most 
erticacious  in  destroying  organisms  are  generally  those  which  interfere 
most  readily  with  the  nutrition  of  the  tissue-cells. 

"Water. ^Nothing  tliat  is  really  dry  ferments.  The  presence  of 
smnr  water  is  essential  to  the  development  of  all  fungi,  for  it  acts  as 
the  medium  for  conveying  oxygen  and  food-substances  into  the  cell. 
It  is  easy  to  add  too  much  or  too  little  for  a  given  species.  The 
moulds  require  less  than  the  yeasts,  and  these,  again,  less  than 
bacteria.  Upon  jam,  dried  by  addition  of  sugar,  moulds  often  grow  ; 
if  less  sugar  be  added,  or  more  water  left  in  the  fruit,  alcoholic  fermen- 
tation is  common  ;  whilst  if  the  proportion  of  water  be  still  greater, 
putrefaction  may  occur. 

Desiccation  destroys  many  vegetative  cells  within  a  few  days  or 
hours;  but  many  resist  drying  for  months,  and  sp*>res  of  the  endo- 
sporous  group  do  so  ft>r  ycjirs — it  is  impossible  to  say  how  long.  Thus, 
dried  cholera  spirilla  die  in  three  hours,  whilst  dried  typhoid  bacilli 
survive  nearly  as  many  months,  and  diphtheria  bacilli  longer  still. 

Oxygen. — Pasteur  has  divided  fungi  into  two  varieties — aerobic 
and  anaerobic.  The  presence  of  oxygen  is  essential  to  the  members  of 
the  Hrst  group,  while  it  is  fatal  to  those  of  the  second.  Aspergillus 
niger,  B.  subtilis,  and  Mycodemia  aceti  are  examples  of  the  first 
group:  the  bacilli  of  tetanus  and  of  malignant  crdema  l)elong  to  the 
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second.  Hy  far  the  larger  number  of  pathogenic  organisms  arc  able  to 
live  eitlier  with  or  without  oxygen  -  ni  least  for  a  considerable  time. 
An  organism  whicli  thrives  i>Mt  in  the  presence  of  oxygen,  l>ut  whi<^l 
can  grow  in  its  absence,  is  said  to  be  "  aerobic  and  capably  (facultative) 
anaerobic  "  ;  and  vice  versa.  The  first  of  these  two  groups  is  iJie  movt 
important,  and  includes  the  bacilli  of  anthrax,  tubercle,  typhoid,  and 
diphtheria. 

Oxygen  under  pressure  may  prevent  the  growth  of,  and,  after 
months,  kill^  even  aerobic  organisms.  Their  spores,  also,  according  Xa 
Dnclaux,  retain  their  power  ut*  germinating  much  longer  if  nxygrn  ia 
excluded :  if  true,  this  may  partly  explain  the  action  of  air  as  a  dla- 
infectant. 

Temperature. — Each   organism   Hourishes    best    at    a    particuW 
temperature.     All  will  grow,  but  less  actively,  at  tcm|K*rature!*  mmiw- 
what  above  or  below  this  point.     Now  no  organifim  can  become  para- 
sitic unless  the  temperature  at  which  it  grows  corresponds  to  that  of 
iome  part  of  the  body  to  which  it  finds  access.     Hence  it  happens  that 
all  pathogenic  bacteria  grow  readily  at  about  the  temperature   of  the 
human  Unly.    In  some  cjlscs  the  range  within  which  growth  is  |iosaible 
is  very  limited,  as  in  the  tubercle  bacillus,  which,  while  it  thrives  at 
99'  F.  (57'  C),  can  grow  with  more  or  less  difficulty  at  any  tem|)«rMture 
nuiging  from  8i    F.  to  108"  F.     From  this  it  may  be  inferred  that  thU 
bacillus   is    leiis    likely  to  exist   as  an   external    than   as  an   internal 
parasite ;  and  that  when  it  does  affect  the  surface,  its  growth  U  likely 
to  be  slower  and  its  progress  more  easily  arrested.     Other  organinna^ 
such  us  those  of  cholera  and  typhoid  can,  in  suitable  media,  grow  at  a 
temperature  of  60    F.  and  upwards.    These  can  therefore  easily  multiply 
a|»art  from  the   l>ody.     The    general   statement   may  he  miule,   with 
regard  to  bacteria,  that  reproducti<iu  ceases  when  the  tcm|}erature  is 
reduced  to  \K)"  F.,  and  in  the  case  of  many  organisms  at  a  much  lii^er 
point ;  but  tliey  do  not  necefisarily  die.     Thougli  rendered  rigid  and 
motionless,   some   can   survive    extreme  cold.     The  Aporc-bearing   R 
aiithraeis  has  been  frozen  in  a  Huid  at-  110^  C.  without  injury;  and 
the  typhoid  bacillus  has  survived  three  hours  freezing.     The  maximum 
temperature  at    which  bacteria    can  grow  is  in  most  cases   l>clwccn 
100    F,  and    l*iO    F      By   furtlier  rise    of  lem|>eniture,  rigidity  and 
death  are  induced — more  easily  in  moist  than  in  dry  conditions^  and 
nmch  more  easily  in   the  adult  than  in  the  spore-form.     The  rcactloa 
and  nature  of  the  medium  in  which  the  germs  are  heated  luis  a  dedded 
influence.      Boiling,  and  indeed  a  much  lower  temperature  (140*  F.) 


I 


TIIK  VEGETABLE  PARASITES. 


S\3 


timn  ^12^  F.,  will  kill  the  ^reat  majority  of  fiinj^ ;  but  solutions  con- 
taining  spores  may  need  exposure  to  a  temperature  of  212'  F.  for 
many  hours  before  they  are  completely  sterilised.  Thus,  Tyndall 
failed  to  sterilise  a  hay-infusion  by  eiglit  hours'  boiling.  This  pro- 
longed resistance  of  s|Mjre-eontainiiig  Huids  to  boiling  is  explained  by 
supposing  that  fresh  generations  of  adult  organisms  are  develo[>ed  af\er 
the  boiling  is  over,  from  spores  able  to  resist  that  temperature  for  a 
long  time — a  view  supported  by  the  fact  that  such  Huids  may  be 
readily  sterilised  if  boiled,  for  a  few  minutes  only,  on  four  or  five  suc- 
cessive occasions  at  intervals  of  several  hours. 

In  like  maimer  alternate  freezing  and  thawing  destroys  organisms 
more  rapidly  than  continuous  freezing.  Typhoid  bacilli  succumb  to 
this  treatment  in  a  month,  while  they  resist  continuous  freezing  more 
than  three  times  as  long. 

Some  vegetative  forms  have  been  found  which  withstand  temperatures 
higher  than  those  named.  Duclaux  found  some  bacilli  {f^ruihris  in 
cheese),  which,  when  suspended  in  slightly  alkaline  fluid,  were  not 
destroyed  by  100 '  C.  ;  but  in  an  acid  medium  were  killed  in  a  minute : 
the  sjwres  were  not  destroyed  by  J 15^  C  Other  species  of  spore  have 
been  met  with,  which  have  withstood  a  moist  heat  of  even  XSQ^  C. 

Streaming  steam  has  a  mure  (lowerful  gennicidal  action  th;ui  super- 
heated steam.  This  is  probably  due  to  its  greater  degree  of  moisture, 
and  its  consequently  greater  |)enetmting  power. 

The  drtf  spores  of  the  B.  aiitliracis  and  of  the  B.  subtilis  are  not 
destroyed  by  less  than  three  hours'  exposure  to  140°  C. 

Rest.^Fungi  flourish  better  in  a  still  medium  ttian  in  one  whose 
particles  are  constantly  moving  :  wliilst  the  II  anthracis  divides  actively 
in  the  blood-stream,  many  other  kinds  (micrococcus  septicus)  seem 
always  to  settle  before  multiplying. 

Ught. — Lightf  es|)eeially  bright  sunlight,  has  a  destructive  influence 
on  organisms.  'Ilie  rays  from  the  violet  end  are  said  to  be  the  most 
powerful,  those  from  the  red  end,  the  least.  All  organisms  do  not 
suffer  equally.  A  few  even  multiply  under  the  action  of  light.  Recorded 
experiments  on  this  subject  are  contradictory.  The  contradiction  may 
be  due  to  the  difficulty  in  excluding  the  influence  of  desiccation, 
oxidation,  and  changes  in  the  media  in  which  the  organisms  are 
placed.  Combined  tiitk  these,  light  unquestionably  forms  a  valuable 
means  of  disinfection. 

Soil. — A|>art  from  their  degree  of  moisture  and  from  the  presence 
of  otlier   organisms^  the   influence  of  most  soils  on   the   growth  of 
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pnthogetiic  bacteria  docs  not  seem  to  be  marked.  /Vn/.  however, 
dtstiiictl^'  destnirlivc  iiiHueiice  over  the  urgjuiisnis  of  cholera 
typhoid  fever  (Dempster). 

These  are  the  essentials  hy  which  tlie  growth  of  organisms  vnn  be 
nKidified.  Ahfiencc  of  growtli  doi^s  not  necessarily  mran  dcatJi  of  the 
or^nism.  If  the  conditions  are  unfavourable  the  cells  will  not 
develop;  but  they  may  not  die.  By  makinjj  a  contparatively  \a%mU 
chuige  in  some  of  tlie  above  conditions,  the  development,  and  catmr- 
quently  tlic  action,  of  any  g^iven  urganism  may  be  prevente*!.  Thi* 
may  often  be  possible  wheit  it  is  quite  out  of  the  question  to  empbiy 
measures  |)owerfu1  enouf(h  at  once  to  dcatroy  the  organisms  them^ 
ftclves. 


DISTRIBimON    OF    BACTIIRIA    IN    NATURi:. 

\^  here  are    these   micrt^copic   vegetable   organtsnLs  to  lie  found  r      A 
putrid  wound  swarnis  with  them.     Whence  do  they  come?     There  are      , 
three   possible   fuiswers.      I.  Th(*y  may  find  access  to  the  body  from  fl 
some  outside  viurcc.     'i.   They  may  exist  in  the  healthy  Unly,  develop-  ■ 
inK  "i^y  under  special  circumstances.     3.  They  may  be  spontnnrouftly 
genenitcd  from  the  lis>ues. 

1.  Earth,  air,  or  water   may  be  the   habitat   of  germa, 

(a)  Sarth. — The  Hoil  is  the  principal  Morehouse  of  or^nisitta. 
Portions  of  mould  taken  from  the  surfact,  and  dropped  into  a 
steHliseil  culture-Huid,  invariably  infect  it.  Pyogenic  cocci  and  the 
bacilli  of  tetanus  and  malignant  u'denia  are  among  the  forms  uxually 
found.  In  winter  Koch  failed  to  Hud  any  orgaiii&nUj  at  a  depth  of 
one  metre,  in  soil  which  bud  not  been  recently  disturbed^  which  was 
not  formed  largely  of  decomposing  material,  and  into  which  no  'inngital 
•oakage  of  water  had  nccurred. 

All  solids  in  conUict  with  air,  including  the  surfaces  of  animals,  have 
organisms  u^Nin  them. 

{h)  Air. — That  dust  contains  much  organic  matter  Is  raMly  sliown 
by  combustion  :  and  by  artificial  cultures  it  can  l)e  prove<l  that  some 
of  thia  is  living.  It  has  thus  been  found  that  spores  of  moulds  are 
the  oonimonc«t  forms,  then  bacilli  and  their  spores,  whilst  putrrjaetitr 
organisms  arc  rotufMiraiiveiif  rare.  Organisms  of  some  kind  exist  In 
the  air  everywhere  except  uway  from  all  life  -in  mountains  abixY  li>c 
line  of  |>erpetual  snow,  or  on  the  ocean  far  removed  from  land  and  , 
ships,  in  such  places  a  sterilised  Huid  would  not  ferment,  even  if 
iefl  cx|)used  till   it  dried.       But  wherever  life   is   founds  grmas  are 
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found.  They  increase  in  number  as  the  populatiuii  grows  oiid  as 
putrescible  material  becomes  more  plentiful.  Hesse  found  that  the 
air  in  a  hospital-ward  in  Berlin  contAined  thirty  times  as  many  bacteria 
as  the  air  out  of  doors.  In  some  parts  of  London  it  is  possible  to 
pour  sterilised  fluids  from  one  flask  into  others  witli  the  result  that 
but  a  small  percentage  will  become  turbid  from  the  gnjwth  of  germs ; 
in  other  parts  everj'  flask  will  be  infected.  Precautions  against  in- 
fection become  more  necessarj*  as  density  of  jiopulation  and  imperfect 
ventilation  increase  ;  and  it  is  obvious  that  in  the  hospitals  of  large 
towns  such  measures,  to  be  successful,  must  be  most  stringent,  for 
here  putrefactive  organisms  will  be  comparatively  numerous. 

The  air  is  kept  supplied  with  organisms  from  the  surfaces  of  objects 
over  which  it  passes.  The  dust  left  as  the  final  result  of  putrefactive 
processes  is  a  fertile  source  of  contamination.  Perfectly  still  air 
becomes  pure  by  subsidence  of  its  germs. 

(r)  Water. — All  water,  except  such  as  comes  from  a  great  depth 
(Artesian  wells),  contains  organisms.  Ilain-water  sweeps  the  air,  and 
infects  the  soil  with  the  genus  which  it  carries  down.  All  surface- 
water  is  infected  from  the  ground  through  which  it  soaks.  Hiver- 
water  is  exposed  to  all  possible  sources  of  pollution.  It  is  scarcely 
necessary  to  add  that  unless  the  water  contains  sufficient  organic 
matter  to  serve  as  food  for  the  fungi,  no  multiplication  will  take 
place,  and  that,  sooner  or  later,  the  genus  will  die,  though  perhaps 
not  for  many  weeks.  The  existence  of  maity  organisms  in  a  sample  of 
water  render  nmch  organic  impurity  probable. 

Q.  Do  OrganiamB  Eziit  in  the  laving  Body? — They  exist 
in  large  numbers  on  its  external  (skin)  and  internal  (bronchial  and 
alimentary)  surfaces^  which  are  in  contact  with  air.  On  the  sUn 
they  are  most  numerous  on  the  hands — beneath  the  nails,  and  in  the 
folds  of  skin  about  the  nails  ;  iind  on  partx  provuU'd  rfifft  hair  ami 
targe  g/audx — r,^.,  the  scalp,  axilla,  and  perinicum.  Special  care  is 
therefore  required  to  disinfect  these  parts.  Inhaled  with  the 
breath,  organisms  are  found  in  the  larger  bronchi  j  but  the  smaller 
tubes  and  alveoli  are  probably  free,  for  Tyndall  has  shown  that  the 
complemental  air  is  pure,  as  it  causes  a  non-luminous  gap  in  an  electric 
beam  thrown  across  a  dark  room.  Further  proof  lies  in  the  fact 
tliat  "  medical  "  empyemata.  communicating  with  the  air  through  the 
lung,  generally  remain  free  from  putrefaction,  whilst  surgical  empye- 
mata, following  an  external  wound  of  the  pleura,  always  putrefy. 

With    food    and   drink    many   living   germs   are    carried    into   the 
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alimentary  canal.  All  kinds  of  fungi  swann  in  the  mouth, 
gruw  fcwtrr  us  the  btouiiich  is  rcAched,  fur  ttie  acid  ga»tric  juice 
unfavourable  to  the  development  of  most  of  them.  Organisma  are 
plentiful  in  the  duodenum  before  the  f«H>d  has  become  alkaline  :  atftd 
the  ]NUicreatic  juice  hwamis  with  nrganisins  at\cr  impure  fccdioK. 
Indeed,  the  products  of  normal  pancreatic  digefitjon  and  those  of  I  he 
ordinary  putrefaction  of  albuminoids  are  practically  the  same.  Tlinuigb- 
out  the  whole  intestine,  but  varj'ing  with  the  products  and  i>tagei  iif 
digestion,  enurmoti!)  numbers  of  organisms  occur.  In  abnormal  atatcfl 
of  the  mucous  membrane,  or  in  t(K>  prolonged  retention  of  intesiinal 
contents,  the  fungi  may  multiply  and  excite  irritation,  ami  eveo 
poiaoning,  by  the  products  of  their  action.  Kxpericnce  atiowv  thai, 
after  death,  putrefaction  iK-gins  in  the  abdomen,  spreading  from  the 
aliinentar}'  canal. 

By  obtaining  pure  urine  directly  from  the  urethra^  Lister  showed 
that  a  healthy  urinary  tract  is  free  from  organisms. 

Bacteria  on  the  skin  and  mucous  surfaces  may  fairly  he  regarded  a* 
external  to  the  body  proper — i.e.,  to  the  tissues.  Organisms  are  Iband 
M  the  tissues  in  many  diseases :  we  have  now  to  inquire  whetlier  they 
exist  in  the  heabhif  tissues.  There  are  two  routes  by  which  urguusoH 
may  rftich  t/ie  itxxurx.  One  is  through  the  xkin  ;  the  other,  through  the 
mucutix  memhranrs,  especially  the  respiratory  and  the  alimentary. 

I.  The  »jh'n. — Asa  general  rule  uninjured  epidermis  is  impcrviooi 
to  organisms  ;  and  in  practice,  nearly  all  organisms,  tliat  gain  jiocc««  bjr 
this  means,  enter  through  wounds  or  slight  abrasions.  Pustules  have, 
however,  l>een  produced  by  rubbing  into  the  akin  a  pure  culture  of  the 
Ktaphyloeuccus  pyogenes  aureus.  Inoculation  in  these  cases  MCna  lo 
have  occurred  tlinjugh  the  walUof  the  hair-follicles  or  the  sweat-doctn, 
as  it  duc«  in  the  case  of  aeuc  pustules. 

!{.  The  mucoM  memhrane*. — If  organisms  enter  by  the  skin  it  b  a 
fhriutri  likely  that  they  wilt  also  enter  by  the  mucous  membranes.  To 
decide  ttus  cjuestion  so  far  as  the  respiratory  tract  is  concemed, animals 
were  placed  in  an  atmosphere  impregnated  with  anthrax  spores 
Anthrax  is  a  particularly  suitable  organism  to  u«»e  as  a  test,  fn>tn  the 
readiness  with  which  it  thrives  in  the  normal  tissues.  In  an  experi- 
ment of  Buchiier's,  out  of  <>(>  aiiiuinls  thus  treated,  aO  died  from 
anthrax.  It  is  unlikely  that  the  organisms  were  swallowed  and 
absorbed  through  the  wall  of  the  alimentor)'  tract;  first,  becaia«e« 
while  large  nuitd>crs  were  found  in  the  lungs,  few  or  none  wcfe 
present  in  the  spleen  ;  and  becundty,  because  out  of  '6^  aiuniaK  fr^  \m 
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double  the  proportion  of  anthrax  spores  only  four  succi]m1>ed.  These 
experiments  not  only  showed  that  in  the  case  of  anthrax  the  organisms 
can  gain  an  entry  through  both  these  mucous  membranes,  but  also  that 
the  entrance  through  the  respiratory  mucous  membrane  is  the  more 
readily  effected.  In  the  lung  they  are  probably  taken  up  like  carbon- 
particles,  carried  to  lymphatic  glands,  and  thence  perhajis  to  the  bloiHl. 
It  is  difficult  to  deny  that  in  many  coses  there  may  have  been  some 
slight  injury  at  the  point  of  entry. 

When  animals  are  fed  on  putrid  material,  living  organisms  may  be 
found  in  the  urine.  This  is  also  the  case  when  a  large  ijuantity  of 
washed  putrefacliveorganisms  is  injected  into  the  circulation.  Ordinarily, 
as  above  said,  fresh  human  urine  is  sterile.  Many  germs,  of  course, 
are  carried  to  other  organs  than  the  kidney^  and  are  found  as  yellowish 
masses  in  the  capillaries ;  they  are  unable  to  thrive  in  the  healthy 
system,  and  die  and  disappear  in  two  or  three  weeks — of^rn  much  more 
rapidly.  From  the  above  data  it  is  probable  that,  under  ordinary 
circumstanceSj  organisms  can  pass  through  the  mucous  membranes  of 
man  in  small  quantities  only ;  and  that  any  which  do  enter  soon  die, 
and  do  not  roacli  the  urine  alive. 

Exj>criments  have  been  made  to  determine  whether  organisms  are 
habitually  present  in  healthy  tissues.  Portions  of  healthy  organs  have 
been  removed  with  precautions  and  placed  under  conditions  best 
calculated  to  encourage  the  growth  of  any  organisms  that  might  be 
present,  as  well  as  to  prevent  their  contamination  from  (my  extraneous 
source.     The  results  have  been  contradictory^* 

The  balance  of  evidence  seems  to  be  distinctly  in  favour  of  the  view 
that,  /I.T  a  rule,  no  living  germs  are  to  be  found  in  healthy  tissues.  But 
that  the  blood  may  contain  living  pyogenic  cocci  is  probable  from  the 
frequency  with  which  inHammation  and  abscess  result  from  bruises 
occurring  in  depressed  states  of  the  system  (p.  S24),  but  without  any 
break  in  the  continuity  of  the  epidermis  (p.  .SI 8).  If  cocci  could 
ordinarily  obtain  access  to  the  tissues  by  means  of  the  vessels,  it  would 
be  impossible  by  antiseptic  treatment  (adapted  to  prevent  the  entry 
of  living  cocci  Jntm  mthoMt)  to  prevent  suppuration  of  wounds  from 
causes  reaching  them /W>7h  rvithin. 

Again,  the  rarity  with  which  any  collection  of  pntrescible  fluid  in 
the  botly  undergoes  putrescence  (notwithstanding  the  suitability  of  the 
tem|)erature),  and  the  certainty    with   which   by  care  we   can    keep 

•  Watson  Chcyne,  Trams.  Path.  Sotiely  ^  London .  1879:  MoM  and  Horsley,  Jo^mai  cf 
PkysUtcfy,  vol.  iii. 
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woumls  "  sweet,"  seem  to  t>e  stroiij^ly  against  the  cxisttfiice  of 
fadii^  fungi  in  hcHlthy  tissues.  It  is  certain,  however,  that  if  thc*c  do 
gain  Acoesa  they  may  survive  for  Jiomc  hours ;  so  thnt  the  jMitref&ction 
of  removed  portions  of  tissue,  usually  attributed  to  want  of  rjure,  vckmj 
sometimes  hjive  been  due  to  the  presence  of  Hving  gemis  in  thote 
portions  at  the  lime  of  their  removal  from  the  IhhIv.  Again ,  if  « 
suitable  nidus  l>e  provided  for  the  development  of  organisms,  they 
multiply  and  set  up  their  ehArneteristiedecom|>oaition.  7'husChauvemi 
performed  biMourna^r  of  a  sheep's  testis — it.,  subeutftneous  torsion  ijf 
the  organ  and  ils  main  vessels — in  one  case  fn'fvrr,  and  in  anuthrr 
rt/Jcr,  the  injection  of  septic  bacteria  into  the  hUnHl.  In  the  Utter  ca»r^ 
in  which  the  tc«itis  ])re»umably  contained  impriMined  organisnia.  It 
broke  down  into  a  putrid  Huid^  and  excited  much  iiiHammatlon  arottad. 
In  the  former,  in  which  the  injected  bacteria  were  shut  off*  from  lb« 
damaged  testis,  the  organ  underwent  the  fatty  eliAngoi  known  ai 
necrobioHis.  This  is  the  invariable  course  when  under  normal  con- 
ditions the  operation  is  performed  as  a  method  of  castration  :  it  trcaiB 
to  show  that,  nonnally,  organisms  are  not  present  in  the  sheep's 
testes. 

Some  cvrganiiimfl,  however,  seem  capable  of  flourishing  in  liaaacs 
which  are  ])erfeetly  healthy — e,g.,  the  poisons  of  the  acute  specifics 
and  thf  U.  aiithracis.  Even  here,  there  is  sonic  very  obscure  differeaec 
between  individuals  of  the  same  species  or  of  closely  allied  spedeiy 
which  renders  some  of  them  suitable  media  for  the  development  of 
certwn  orguitsms,  whibt  others  are  unsuitable — <.r,  more  or  \cm 
predispositjon  is  rccjuired  even  when  a  species  of  animal  if  iUMr  to 
a  disease.  Thus,  some  people  do  not  appear  capable  of  conlracttQ|f  tJie 
acute  specific  fevere  :  children  are  more  subject  to  acute  specifics  than 
adults  :  Algerian  sheep  are  immune  to  anthrax :  young  dogs  are  easily 
inoculated  with  the  B.  anthracis,  but  old  ones  are  not.  One  great 
difficulty  in  the  experimental  study  of  the  infective  diseases  of  man  fis 
to  find  animaU  whicJi  are  subject  to  thrm.  Many  organisms  will  thrive 
only  in  some  particular  tissue  or  fluid  of  the  Itody  :  thus,  some  multiply 
in  the  blood,  (»thers  in  lymph,  some  in  Iwnc  (osteomyelitis),  othen  ia 
the  ccrebroHtpinal  meninges  (epidemic  ccrebro-«pinaJ  meningitis)  (sec 
"Micrococci  "). 

To  sum  up: — Orgimisnis  in  great  vmricty,  but  in  very  vaiylog 
numljer,  exist  in  air,  water,  earth,  and  on  all  objects  exposed  to  air, 
on  tlic  !)kin  and  on  those  mucous  surfaces  which  are  in  contact  with 
■ir.     Organisms  can  probably  pas^  thrmigh  the  pulmonary  and   int«»- 
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final  mucous  membranes,  but  in  smnll  numl>cr  ;  and  such  as  ordinarily 
thus  enter  the  tissues  are  unable  to  develop,  so  long  as  the  latter  are 
healthy.  The  life  of  such  fungi  among  the  tissues  is  short.  It  seems 
to  be  a  very  rare  thinj^  for  them  to  reach  the  urine  alive.  Occasionally 
an  organism  which  can  develop  in  living  tissues,  enters.  The  recipient 
of  such  organisms  is  in  more  or  less  danger  of  disease.  Some  fungi 
seem  to  find  a  suitible  nidus  for  their  development  In  the  great 
majority  of  mankind  :  thus,  few  are  immune  to  the  vaccine-virus.  AH 
organisms  flourish  best  in  tissues  the  vitality  of  which  is  impaired ; 
sonic  probably  camiot  develop  unless  this  is  the  case  ;  and  still  another 
group  cannot  multiply  in  living  tissues  at  all.  Two  great  divisions 
(clinical)  of  orguuiMns  are  thus  obtained: — 1.  The  Pathogenic,  or 
those  which  can  invade  and  nmlUply  in  living  tissues,  almost  invarial)ly 
giving  rise  to  disease.  2.  The  Non-Pathogenic  or  Simple,  which 
can  develop  only  in  dead  tissue,  and  arc  therefore  found  chiefly  on  the 
surface  of  the  body,  where  sloughs  and  discliarges  are  common.  It  is 
a  very  rare  occurrence  for  putrefactive  fungi  to  find  their  way  ahve  to 
an  internal  slough  or  putrescjble  effusion,  as  they  did  in  Chauveau's 
experiment  (p.  318). 

.S.  Spontaneonn  Generation.^ — The  possibility  of  organisms 
originating  dc  novo  from  tht-  molecules  of  decomposing  tissues  must  be 
mentioned,  but  cannot  be  discussed.  The  great  majority  of  observer* 
are  agreed  that  there  is  no  evidence  that  it  occurs.  They  hold  that, 
if  a  fluid  or  moist  solid  be  thoroughly  sterilised,  and  placed  under  such 
conditions  that  no  organisms  can  enter  from  without,  no  organisms  will 
ever  develop. 

We  concludej  therefore,  that  organisms  found  in  a  putrid  wound 
have  entered  it  /Wwh  n}iibout\  and  that  the  same  is  true  of  fungi  found 
in  jNithological  lesions  within  the  tissues,  the  organisms  ha\-ing  entered 
by  a  wound  or  through  a  mucous  surface.  For  the  present,  at  least,  we 
must  adhere  to  the  belief  that  ncitlicr  living  organisms  nor  their  spores 
exist  normally  in  the  tissues ;  and  that  they  are  never  eliminated  alive 
by  an  excretory  organ  or  by  a  wound. 

This  is  of  fundamental  im]>ortance  in  surgery.  If  organisms  could 
enter  a  wound  from  the  side  of  the  tissues,  asepbc  treatment  would  be 
impossible.  As  it  is,  we  are  sure  that,  if  we  allow  no  loophole  for  the 
entry  of  germs  from  without,  our  wounds  will  remain  free  from 
ferment-processes.  Patients  are  thus  saved  from  the  danger  of  septic 
intoxication,  of  septic  infection,  of  pjriemia,  and  of  other  infective 
diseases    (see   ''Pyotmia   and    Scpticicmia").      Once   organisms   have 
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gained  access  to  the  tissues,  it  is  extremely  difficult  to  deatrojr 
without  also  destroying  the  tissues.  Improvement  of  the  general 
health  often  enables  the  tissue-elements  to  resist  invasion  mccessfulhr 
(see  "  Immunity  "). 

Products  of  Bacteria. — The  chemicAl  products  which  result  frnra 
the  growth  of  bacteria  are  lx)th  numerous  and  varied.  In  most  cases  they 
comprise  a  series  of  complex  changes,  which  are  as  yet  but  imperfectlr 
made  out.  To  a  considerable  extent  they  depend  upon  thr  nature  audi 
amount  of  the  material  from  which  tlie  organism  in  question  derives  itsj 
nourishment,  as  well  its  ujicm  the  physical  conditions  by  which  it  t» 
surrounded.  Thus,  the  cholera  bacillus,  when  grown  in  weak  ineat< 
juice,  produces  a  peptonisiiig  ferment,  but  M-hen  supplied  with  a  much 
stronger  solution  fonns  a  diastatic  fenncnt  instead. 

Many  products  of  bacterial  actiun  have  no  patliogcnic  importanre : 
these  we  shall  not  di.scu.ss.  They  include  :  many  pigmmU,  saggegtire 
of  aniline  dyes,  and  certain  fluorescent  and  phosphorescent  eCects; 
many  organic  ncidn,  such  as  lactic,  Jicetic  and  bntyrie,  and  other  allied 
substances ;  a  few  gaxex,  including  carbon  dioxide,  marsh  gas,  hydragrn, 
and  sulphuretted  hydrogen. 

Tile  chief  products  of  pathogenic  importance  are:  (1)  mnj'ormtd 
J'tTtnentx,  (2)  olbutHosfjt,  (:i)  aihihrnU  or  toxittc*,  and  (4>)  caustic  suh^mtett. 

The  relation  of  these  dilTcrcnt  groups  to  one  another  can  be  readily 
understood  by  a  reference  to  the  following  table.  The  most  strfldag 
feature  it  presents  Is  the  general  similarity  between  the  products  of 
prttteid  digcxiiun  and  those  of  bacU'rial  action.  The  processes  are  l>ot  mi 
similar  as  they  appear  at  first  sight  In  the  first  place  the  ultimate 
products  are  different.  In  cholera  an  alkaloid  is  the  final  product :  in 
diphtheria  an  organic  acid  Furthermore,  the  experimental  iuuculatian 
of  animaU  with  tht-  nlbumoses  produced  by  different  organisms,  clearly 
shows  that  these  diflerent  albumoses  are  by  no  means  identical  ;  and 
that  their  chemical  reactions,  «>  far  as  at  present  known«  give  no 
indication  of  their  pnthngenic  effects.  Tlius,  in  diphtheria  the  albucKiaes 
cause  ner\"e-degenemtion,  while  the  organic  aeitl  seems  almost  haniH- 
Icw.  In  cholera,  on  the  other  hand,  the  alkaloid  or  final  product  seenu 
to  be  the  real  cholera  poison.  So  far  as  is  at  present  known,  the 
funnation  of  an  Alkaloid  by  an  organism  is  not  necessarily  preceded 
by  that  of  a  femirnt. 

In  connection  witli  about  one-fiflh  of  all  known  pathogenic  organlsns, 
Jiermenit  tiavc  been  discovered.  The  nature  of  these  luis  been  already 
described  (p.  303). 
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Allmmosejt  are  common  intermediate  products  in  the  sequence  of 
bacterial  reactions.  In  some  cases  they  are  the  most  virulent  of  all 
the  resulting  compounds.  This  is  so  in  diphtheria  and  in  snake  poison. 
In  anthrax  and  cholera,  on  the  other  hand,  they  are  comparatively  of 
slight  importance. 

Table  Comparing  Action  of  Anthrax  and  Diphtheria  Ferments 

WITH    THOSE    OF    PepSIN    AND    TrYPSIN.       (MaRTIN.)* 


primary  Agent,  or 

Primary  Infective 

Agent 

Ferment  or  Secondary    1                             rw«-.:«-  i> i— *- 

Infective  Agent.         1                           Dieesiive  Products. 

Living  Cell. 

Pepsin. 

Syntonin. 

(  Hetero-albumose. 
Albumose-j  Proto-albumose. 

\  Deutero-albumose. 
Peptone. 

Living  Cell. 

Trypsin. 

Globulin-like  body. 
Tryptone  (peptone). 
Leucin  and  tyrosin. 
A  bitter  body. 

Bacillus 
Anthracis. 

Anthrax  ferment. 

(  Hetero-albumose. 
Albumose-J  Pruto«lbumose. 

(  Deutero-albumose. 
Peptone. 

Leucin  and  tyrosin. 
Alkaloid  (base). 

Bacillus 
Diphtheria;. 

Diphtheria  ferment 
in  membrane. 

Albumose-j  Proto-     "|  >in  the  membrane. 

t  Deutero-    J  in  the  body. 
Organic  Acid. 

Among  the  varied  products  of  bacterial  growth  are  a  large  number 
of  alkahidal  substances.  Some  of  these  are  harmless,  but  some  are 
poisonous.  The  latter  are  known  as  toxines.  Examples  of  both  these 
varieties  may  be  found  in  putrefying  meat,  fish  and  cheese.  They 
can  be  easily  separated  and  their  nature  investigated.  The  virulence 
of  both  anthrax  and  cholera  is  due  to  the  formation  of  toxines. 

Fate  of  Organisms  in  UTing  Tissues. — It  by  no  means 
follows  that  germs,  which  have  actually  entered  the  tissues,  will 
multiply  and  give  rise  to  disease.     Just  as   in  the  case  of  infective 

*  Goulstonian  Lectures,  Brit.  Med.  Joum.  vol  i.  189a. 
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inflamniHtions,  so  in  all  other  Jnfcctivf  diseases,  tfttrr  ttn-  itro ^facicn 
tke  pruditcUoii  uj'  dUvaae — the  attjick  of  the  genus  od  the  one  hand* 
the  resUtanoe  of  the  tissues  upon  the  other  (p.  289). 

Supposing  the  conditions  to  be  fHvourable  to  their  growtlij  putlwi 
(ungi  differ  much  iii  the  course  which  they  jitjrsue-  Siniir  n 
nlfout  the  spot  at  which  they  first  settled.  Others,  %irith  different 
degrees  of  rapidity,  spread  by  continuity  of  tissue.  Others,  agAUi,  tat 
carried  along  in  the  lymphatics,  settling  in  them  here  and  thrrr,  or 
passing  <m  until  the  nearest  glands  are  reached.  Another  grmip  enter 
the  eircuUtiun  at  once,  and  are  carried  in  the  blood  all  over  llie 
body.  Some  species  remain  and  multiply  in  the  blood,  and,  in  Umofr- 
lueent  jmrts,  may  be  seen  in  t)u-  plasmatic  zones  of  the  veins;  otben^ 
Again,  require  tii  be  deposited  from  the  blood  at  some  spot  predlvpoiedl 
to  receive  them.  Escape  from  disease  after  exposure  to  infcctioii  If 
doubtless  oflen  due  to  the  deposit  of  germs  at  spots  other  tluui 
'*  weak  "  ones. 

'Ilie  spread  of  organisms  in  the  tissues,  like  that  uf  an  JibsccM, 
always  oceuni  along  the  lines  of  least  reiiistAuee.  rurthcrmorc,  ft  b 
not  necessary  that  the  organisms  should  rw/rr  the  tissues  at  aII,  in  order 
to  pn>duce  disease.  In  diphtheria  the  luiciUns  is  confined  to  the  fabe 
membrane:  this  becomes  simply  a  mnnufactory  of  the  ferment^  whlcfa 
w  rapidly  distributed  throughout  the  body,  giving  rise,  in  the  tLHsuett^to 
the  albumoses  already  referred  to.  In  cholem,  too,  the  borilluii  is  only 
found  in  the  intestine^  while  its  products  arc  nipidly  nltsoHird  and 
lead  to  the  well-known  symptoms.  It  is  therefore  clear  thiit  the 
effects  of  the  action  of  organisms  in  the  body  are  very  varied.  Somr- 
limes  tliey  are  strictly  ItH'ai,  A  small  mass  of  organisms,  \>y  means  of 
its  chcniieal  products,  excites  an  inHammator^'  focus,  and  exerts  a 
pcptonising,  caustic,  or  other  action  on  the  tissues  in  which  it  Uo 
(Figs.  ]07|  108,  p.  S79).  The  acUon  Is  limited  to  invasion  of  the  tiscuca 
nc^ar  the  point  of  entry.  Sometimes  the  netion  is  less  strictly  Uk»L 
Such  inflammation  is  called  tiiflusc.  Occasionally  the  mere  mechanksl 
plugging  of  the  vessels  may  be  of  importance.  The  arcompanyiiiK 
figure  (Fig.  117),  showing  the  bacillus  of  splenic  fever  in  tlie  %-e9aeb 
of  a  mouse's  lungj  gives  an  idea  of  the  extent  to  which  this  piooe« 
may  be  carriecL 

Sometimes,  when  the  organisms  multiply  in  tlie  blood,  or  dladurgv 
into  it  the  products  of  their  action,  the  most  marked  efTeets  are  gemrroL 
'llicsc  consist  mainly  of  fever,  wasting,  and  coma,  from  the  action  of 
substance*  cin^ulating  in    the   blood,   the    coagulability   of  Mhich   It 
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!U>nietimes  lessened.  In  others,  again,  in  addition  to  the  strictly  local 
and  general  effects,  the  circulating  pnxlucts  attack  special  parts — hs 
in  diphtheria,  in  which  the  iilbumoses  cause  marked  degeneration  of 
certain  nerves,  and  consequent  local  paralyses.  Possibly  parasitic 
fungi  also  produce  some  effect  by  the  abstraction  of  nourishment 
from  their  host. 


Fig.  117, — Manx's  Lmh^;  t'tJSf/t  PlN^td  witfi  Baciiii  Anthrttcih — 
a.  Alveolus,  t*.  Vein  Tull  c»f  bacilli,  r.  Capillary,  also  full. 
$r.  Bronchus,     x  500.    SKghily  reduced.     (Horsley.) 


Reference  must  here  be  made  to  the  conditions  which  influence 
these  two  factors — increjising  or  diminishing  the  power  of  tlie  organ- 
isms, or  the  resisting  r«i»nbility  of  the  tissues. 

(1)  Arreit  of  an  organism  is  absolutely  necessary'  before  it  can 
by  its  metalxtlisin  jjroduce  loatl  irritation  and  inflammation,  for  if  its 
products  are  poured  into  tlie  circulating  blood  they  become  to«i  dilute 
to  effect  any  local  injury.  Thus  pyogenic  cocci  have  frequently  been 
found  in  the  blood  of  persons  having  no  abscess.  Again,  lymphadenitis 
is  much  commoner  than  lymphangitis,  not  because  the  glands  are 
more  accessible  to  organisms  than  the  vessels,  but  because  the  organ- 
isms are  more  likely  to  be  arrested  in  the  narrower  and  more  sinuous 
channels  of  the  fonner.  But  such  arrest  is  not  necessary  for  organisms 
which^  like  those  of  septic  infection  of  mice,  act  l)y  pouring  into  the 
llood  poisons  which  cause  fever  and  other  symptoms.     Still,  thnu 
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rrsi    in   only   exxentiat   to    the    multiplication  of  tajme 
advantagrwts  to  the  growth  of  ali, 

Ori^itibins  rircuUtiug  iu  the  bluocl  nuiy  be  arrested  in  one  of  nmnt 
ways.  Of  these  the  commonest  are  rmhoOsm,  tJiromhosis,  rjirmrm$m$mit 
of  blood  from  injun-^  &nd  the  migration  and  ^ub^equcnt  death  of  • 
leucoc\'te  bearing  in  its  interior  one  or  more  living  gvnns — which  wiU 
occur  most  easily  in  partii  in  which  the  vc&sela  are  distended  and  the 
circulation  slow  (venous  congestion).  It  is  conceivable  Uiat  m  |cnv 
might  es('H{>e  unaided  from  a  vessel  under  these  cireumstances  jofft  m 
a  red  corpuHclc  does.  Numerous  inetliods  liave  Itcen  devised  to  oainr 
the  detention  of  organisms  in  capillaries  thrfiugh  which  the^  moM 
ordinarily  pass — such  as  mixing  them  with  sterilised  einiml»ar  or  poptato 
starch.  The  result  was  the  iru|UK-tinu  of  the  cocci  and  the  tHerekK^ 
ment  of  inflammation,  thus  denion.stratiiig  the  effect  of  simple  atreat  of 
the  germs. 

(S)  PrediftpOBtticm. — Lnless  there  is  prfdispatilitm  to  auffer  frncn 
the  products  of  the  organisms  thus  arrcstetl^  their  impRction  in  vcsicls 
nuiy  not  Ik-  suthcient  to  enable  them  to  excite  inflanunalion.  71iu*«  t«, 
rabbits  Ribbcrt  found  numerous  masses  of  pyogenic  coed  tn 
capillaries  of  the  lung  and  other  organs  twenty-four  hours  aArr 
injection ;  but  ull  disap|R-ared  In  forty-eight  to  seventy-two  h 
except  in  the  kidneys,  M'here  alone  abscesses  formed.  Rabbits  arr  leas 
prone  than  man  to  suffer  from  these  organisms :  and  in  tlicm  at  oU 
events,  and  very  likely  in  man  also,  the  prrdi^rposititm  of  the  tisntet  maui 
in'  inereasi'd  before  these  particular  organisms  (pyogenic  mc<*i}  od 
excite  infiaminalion.  The  predis]Mtsition  to  suff'er  from  the  «ttacfcs  flf 
organisms  is  increased  by  geBeral  depression  of  vitalltj.  Ihm 
may  arise  from  privation,  and  faulty  hygienic  surroundings.  Deprened 
vitality  is  also  seen  niter  severe  acute  fevers,  and  in  alcoholic,  alba- 
minuric,  and  diabetic  patients.  Among  these,  trivial  wounds  otttM 
prove  serious,  and  operati<ms  should^  if  |K>ssible,  be  avoided.  Pvogtnic 
cocci  easily  gain  access ;  and  eellulitisj  Intils,  and  carbuncle^  rc^tdt 
Among  savage  races  imd  uninuils,  serious  wounds  frctjuently  heal 
first  intention.  Local  depression  of  vitality  may  be  brought 
by  any  kind  of  injury,  and  it  is  here  that  the  " simple**  cau 
inflammation  chiefly  come  in  as  predisjwnentA;  rendering  the 
more  open  to  the  attack  of  micro-4>rganisms,  It  lias  tx-eu  cxi 
mentally  demonstrated  that  anmnia  or  mechanical  hypenemia,  of  i 
fur  some  hours  enables  septic  cocci  to  settle  and  excite  a  pi 
inH/iinmation,    Thus  Waterhousc  hijected  staphylt>cocci  sulicutani 
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into  his  own  scrotum  with  a  negHtive  result.     He  then  constricted  n 
|)ortion  of  it,  until   it  was   purple  iiiul  swollen,  und  made  a   second 
similHr   injection.      An   abscess    resulted.      T\\e    effect    of    ordinary 
mechanical   injury  {ttsitalhf  slig/it)  in  leading  to  simple  al)scesH,  osteo- 
myclitU,  and  tubercular  disease  of  joints,  has  louff  been  known,  nnd  it 
has  been  proved  that  such  lesions  act  either  by  simply  depressing  the 
tissues  or  by  causing  extravasation  of  blood,  and  thus  allowing  germs 
which  cannot  grow  in  the  circulating  blood  to  pass  out  into  the  con- 
nective-tissue, there   to  multiply  and  excite  inHammatiou.      Ortliimry 
chemical  irritants  similarly  depress  the  tissues  and  excite  simple  in- 
Hammation,  and  Chejme  |)oints  nut  that  strong  injections  into  septic 
cavities  pmlwdily  facilitate  the  entry  lnti>  the  general  circulation  of  ajiy 
organisms  whicli  the   injections  fail   to  dcstniy.     'Hie  injurious  effect 
upon  the  tissues  of  strong  cold  or  heat  applied  directly  to  a  p.'»rt  needs 
no  commentj  and  I^ssar's  experiments  (p.  2^1)  show  the  effectj  upon 
internal  organs,  of  cold  applied  to  the  surface  ;  and  though  it  is  not 
yet  known  how  the  cold  acts,  we  mayc{mclude  that  it  wouhl  facilitate 
the  |wtssage  of  organisms  into  the  tissues  of  the  pjirts  which  become 
interstitially  inflamed.      These   agencies,    if  they  cause    recognisable 
changes  at  all,  excite  simple  inHammatinn,  ajid  the  view  that  an  infec- 
tive inHanmtation  may,  so  to  speak,  be  grafted  on   to  a  simple  inHam- 
matiou has  met  with  wide  acceptance.      It  would  seem,  however,  that 
pyogenic  cocci  and  other  organisms  circulating  in  the  bloo<l  do  not 
enter  the  inHamed  area  and  pass  out  into  the  damaged  tissues  during 
nil  xfagrs  of  the  inflammatory  process :  they  do  so  freely  until  the  ^tagc 
in  which  leucocytes  escape  in  numbers  is  readied,  when — according  to 
Rinne  s  experiments — they  are  no  longer  to  be  found  in  the  vessels  of 
the  inflamed  area.     Cocci  injected  during  the  fonnation  of  scar-tissue 
are  said  to  enter  the  ves.sels  of  the  damaged  part  in  excessive  numbers. 
Thence  they  may  jmiss  out  into  the  tissues,  but  when  the  scar  is  fully 
formed  no  such  difference  is  noticeable.     The  explanation  given  ot 
these  observations  is  that  in  the  early  stage  of  inHiunmation  the  tissues 
are  weakened  by  the  injury  and  unable   to  cope  with  invading  firgan- 
isms,  which  consetpiently  multiply  in  them  ;   but  in  a  more  advanced 
stagej  when  iree  escape  of  leucocytes  is  occurring,  the  damaged  tissues 
are  infiltrated  and  |>erhaps  replaced  by  a  swarm  of  healthy  active  cells 
aii<l   |>ossibly  by  an   antfigonistic   fluid,  both   capable  of  dealing  with 
pyogenic  coccL     Scar-tissue  again,  in  its  early  vascular  stage,  seems  to 
l>c  of  feeble  resisting  power.     It  sounds  somewhat  strange  that  tlie 
early  btoge  of  inflammation  should  give  rise  to  a  /ocmj  minorut  rcsustcniia: 
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— as  regurds  pyttgt'iiie  cMicci — whilst  n  Inter  sto^*  docs  m>t  du  noi  but^ 
Cheyne  thinks  tliat  it  fits  in  well  with  tJit*  fact  that  acute  ostcomyrlttl^l 
and  tubercular  disease  arc  often  induced  l>v  slight  injuries — nurif  by" 
severe,  which  seem  to  excite  too  much  reaction. 

(3)  Tlie  scat  of  inoculation  and  the  anatomical  arrangenkent  of 
a  part  are  of  iin[>ortance  in  enablittg  organisms  to  obtain  a  fi»ulhoUI  in 
the  body  in   two  ways:    1.    Cert/iin   microbes  can  only  p'l^w   in    trrtmn 
tisftifs  ;  they  are  hannless  unless  they  reach  luid  settle  in  the*^  tiw«cs 
2.  The  i»htfsitnl  charartfrs  of  a  part  have   much  to  do  in   determining 
whether  an  organism  will  live  in  it,  and  what  fonn  of  intijunnuitinn 
will  result  from  its  growth.      The  bacillus  of  maligimnt   uedema   lllu»- 
Irates  both  these  points.      It  can  grow  only  in  iTonnectivc-tissuc ;  when 
introduced  into  the  blood,  it  sooner  or  later  dies,  leavinj^  the  «»inMl 
protected  against  the  disease ;  but  if,  whilst  it  is  eireulAting,  a  Imiiae 
is  produced,  the  Imcilli  ]}ass  out  with  the  extravA>iated  blood    into  the 
tissues,  commence  to  grow  and  thus  cnuse  the  lesions  of  the 
Again,  inwu]Hti<ni  with  thi>i  organism  at   the  tip  of  the    tAil    In  call 
has  little  effect  on  account  of  the  density  and  coldness  of  the 
the  intensity  of  the  inflanimation  increases  as  the  jxtint  o(  in< 
nppn:iaches    the  body,  and    the  reaction    may  also   |>e    inrrrased 
raising  the  temperature  of  the  more  distal  parts.     Sheep,  which  hate 
loose  tissue  in  their  tails,  react  strongly  when  inoculated  eren  at  tbv 
very  tip  of  this  appendage  :  the  reaction   is  diminished  by  cooling  tbr 
|)art.     Cheyne   showed  that  the  injection  of  a  certain  qaantity  nf  a 
cultivation  of  the  Proteus  vulgaris  into  the  subeutaneo»is  tissue  of  the 
back  of  a  rabbit  CAused  an    abscess,    but    the    same  (pnantity   in  the 
muscles  n(  the  Iwick  pnxluced  death  ;  uiid,  further,  an  atuount  of  the 
cultivation,  too  small  to   have    any  appreciable   effect   in   the  lubco- 
taneous  tissue,  caused  an  afaccesB  M-hen  placed  among  the  musclca.     Ko 
esLplanation  is  as  yet  forthcoming.     The  limitation  of  acute   infectm 
Ofitenmyelitis  to  growing  Inines  is  another  example  of  the  in^ucnce  «f 
structure  upon  disease.     A  last  illustration  of  this  point  may  be  fbusd 
in  the  difference  between  the  behaviour  of  the  peritoneuni  aiid  tbc 
cellular  tissue  to  pyogenic  cocci.     The  success  of  a  surgeon  who,  aAer 
an  ojK-ration,  washed  out  the  peritoneum  with  ordinarj-  unpunfied  tap- 
water  has  been  greater  than  that  of  any  one  practising  the  nicwt 
antiseptics ;  but  the  result  of  washing  out  wounds  of  aoft  potrU^  ofi 
bone*.,    has   been,  on   the  other  hand,  extrtinely  unfavourable, 
ioHammation  often  super\cning.     The  explanation  given   i»i   thai 
(teritnneum  han  great  powers  of  rapid  absorption,  so  tJiat  cuoaidi 
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ttities  of  putrcscible  Huiils  inuy  be  injected  tof;:ethcr  with  septic 
rganisms  into  its  cnvity,  and  they  will  be  completely  absorbed  before 
putrefaction  Ims  time  to  nd\')inee  to  n  poisonous  extent ;  but,  if  injected 
in  still  larger  quantity,  putrefaction  occurs  with  great  rapidity  in  the 
unabsorbcd  fluid,  and  death  from  septic  intoxication  results.  Water- 
house  showed  tl»Ht  if  a  given  tlose  of  pyogenic  eoeei  were  suspended 
in  normal  sjilinc  solution  and  then  injected  into  the  peritoneum,  lu) 
peritonitis  followed ;  but  tlint  if  a  teuih  jjart  of  the  dose  were  injected 
ffiih  blood-chU,  septic  |>eritonitis  resulted.  It  is  easy  to  understand 
that  the  growth  of  such  orgaju'sms  may  frequently  depend  up*m  the 
immediate  accessibility  of  suitiible  nourishment  (p.  .'I  II).  It  is  notorious, 
loreover,  that  a  chronically  inflamed  {)eritoneum  with  a  good  many 
ittered  adhesions,  stands  injury  better  than  a  normal  membrajie, 
and  no  proof  exists  that  the  lymph-flow  frnrn  the  fonner  is  more  free 
than  from  the  Utter.  Possibly,  there  are  more  available  phagocytes  in 
this  caAe. 

(4>)  lite  number  of  organisms  which  gain  entry  to  the  body  at 
ly  one  time  is  a  maltcr  of  ;;re;il  importance.  At  first  sight,  one  uiight 
think  that  the  only  difference  in  the  results  after  the  injection  of  1 
and  of  1,000,000  pathogenic  microbes  would  be  the  somewhat  slower 
development  of  the  disease  in  the  former  case.  It  was,  however,  soon 
found  experiinenlaliy  that  this  was  not  so — except  in  ciuses  of  animals 
^trongly  predisfKfsed  to  sufl'er  from  the  organism  in  question ;  and  it 
then  understood  that  snuill  numbers  of  organisms  would  be 
destroyed  by  the  tissues  before  they  could  produce  their  products  in 
any  quantity,  whilst  a  verj*  large  number  could  not  be  got  rid  of  with 
sufficient  speed  to  prevent  them  frt>m  producing  more  or  less  poison 
id  thus  gaining  a  greater  or  less  advantage  over  the  tissues  L|Km 
lis  |iouit  Cheyne's  own  researches  enable  him  to  enunciate  the 
following  laws:  -I.  The  jwithogenic  dose  of  a  virus  varies  inversely 
with  the  predisjHisition  of  the  animal  to  the  disease  in  question. 
In  animals  not  very  susceptible  if>  a  germ-disease,  the  severity  of 
the  disease  varies  directly,  within  certain  limits,  with  the  dose:  a 
small  dose  produces  no  effect,  the  germs  being  rapidly  destroyed  ; 
a  larger  one  causes  a  local  inflammation,  the  organisms  being  hemmed 
in  and  destroyed  more  or  less  speedily  by  leucocytes;  whilst  a  very 
large  dose  overcomes  all  local  limitations,  the  organisms  |>enetrMting 
into  the  circidation,  producing  poisons  freely,  and  causing  death 
from  septic  poisoning.  We  cannot  with  certainty  predict  the  di»se 
necessary    to     produce     any    one    of     the    above     results,    because 
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predisposition    varies    greatly    even    among    auiinals    of    the 
species. 

(5)  The    ▼inilence    of    organisms    may    usually    be   Utcrcmted 
("exalted")   or    diminished    ("attenuated")    by    suitable     cxtemal 
conditions  :  thusj  aiienuaiion  may  restdt  from   eultivating  an  orgjaakaa 
and  allowing  long  intervals  to  elapse  between  the  Micce»sivc  inocttl^'  j 
tions;  or  from  cultivating  it  at  a  temperature  at  which  growth  i*  vcryfl 
slow,  or  upon  metlia  containing  antiseptics  in  quantity  not  sufficient  lo  ^ 
inhibit  growth.     Exaiiation  of  virulence  is  less  readily  produced.     In 
the  case  of  the  spirilla  of  cholera  it  can  be  effected  by  proccdm'Bi 
described  on  p.  :J4*.     As  these  procedures  can  effect  *uch  imporUdit 
modifications  in  these  organisms,  it  is  evident  that  the  body  may  have 

to  deal  with  them  in  states  of  varying  virulence ;  the  weakcT  the  vinn 
the  more  of  it  will  be  required  to  produce  a  given  effect,  and  rWr  vrrwL 
The  absence  of  inflammation  from  wounds  treated  carelessly  or  left  to 
nature  may  sometimes  be  due  to  the  attenuation  of  any  nrflanliM 
which  mny  have  fallen  upon  it. 

(6)  Concurrent  growth  with  other  bacteria  may  either  increMr 
or  diminish  juithogenit'  action,  and  many  faeU  make  it  probable  that 
the  presence  of  putrefactive  with  ])Yogenic  cocci  in  a  wound  cnn- 
siderwbly  increases  the  danger  to  the  patient  :  for  the  putrr&ctive 
organisms,  by  their  irritant  products,  destroy  the  granulation-tinae 
and  open  up  a  way  of  entry  for  the  pyogenic  germs,  A  corre«pondittg 
fact,  vouched  for  by  Cheyne,  is  that  general  tuberculosis  is 
commoner  in  cases  of  joint-disease,  complicated  with  *cpUe 
than  in  cases  which  are  kept  nseptic.  The  presence  of  pyogenfie  coco 
do  not  seem  to  increase  tiie  spread  of  tubercular  cavities  In  the  Uutg, 
but  they  certainly  intensify  the  effects  of  the  B.  diphtlieriie  (pL  S66). 
Again,  it  is  said  that  an  osteomyelitis,  due  to  a  mi\c<l  infection  of  the 
staphylococcus  aureus  and  albus,  is  of  greater  severity  and  of 
prognosis  than  a  case  in  which  only  one  of  these  spcdcs  is 
On  the  other  tuuid,  recent  experiments  have  sliown  tlmt  two  nij« 
growing  in  the  Ixxiy  may  buccessfully  oppose  each  otlier  Thttfty  if^ 
erysipclas-eoeci  be  injected,  both  under  the  skin  and  into  the  blood, 
and  if  a  large  dose  of  anthrax-tuieilli  be  introduced  twenty-four  hours 
aAcrwards,  so  that  a  large  number  of  cocci  are  present  at  the  time  of 
the  infection,  the  anthrax-bacilli  will  all  die  out  in  seventeen  to  t^renlv- 
four  hours,  without  causing  even  Icnral  u?dema.  Now  these  two^ 
organisms  will  grow  together  readily  outnidr  the  body,  so  U  || 
clear  bow  their  opposition  in  the  bo<ly  is  brought  about. 
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')  I^5t]>',  it  IK  probable  tliat  local  and  seasonal  conditions  may 
Act  ujK>n  pathogenic  organisms  and  thub  nccouiit  tor  such  |K-culiahties 
of  disease  as  cndcinicity^  or  greater  prevalence  at  certain  times  and 
under  certain  atmos]iheric  conditioivs. 


METHODS    or    HffVESTIGATION I-    Presence     of 

Micro-orgsuxisms  in  Fluids. — ^Stmpfc  wirroxcopu-  rj-<tinwation  may 
be  sufficient  to  reveal  organisms  of  distinctive  form  or  possessing 
marked  powers  ol'  locomotion.  No  preparation  will  be  necessary 
beyund  mounting  a  thin  layer  of  blood  or  other  Huid. 

Stahdrtg  is  by  far  the  most  important  method,  and  it  is  to  Weigert 
that  we  owe  the  introduction  of  the  most  suitable  reagents — the  aniline 
dyes.  logwood  stains  many  fungi  well,  but  it  has  no  preference  for 
them  over  animal  tissues,  and  docs  not  therefore  make  them  suffi- 
ciently prominent.  The  aniline  dyes  most  often  used  are  fuchsincj 
methyl  violet,  methylene  blue^  and  for  photographs  especially,  Bis- 
marck brown  :  watery  solutions  are  employed,  from  one-half  to  five 
per  cent.  Cover-glasses  and  slides  should  be  cleaned  in  dilute  nitric 
acid  and  kept  in  alcohol ;  before  use  they  should  be  heated  in  a  spirit 
flame  whilst  held  in  forceps.  The  following  is  the  method  of  pro- 
cedure. Take  two  cover-glasses  which  have  just  cooled,  place  a  AtfutH 
drop  of  the  fluid  on  oncj  put  the  other  glass  on  the  top  of  it,  squeeze 
the  glasses  gently  together,  and  then  glide  one  off  the  other,  so  as  to 
leave  a  tvn/  thtu  layer  of  the  fluid  on  each.  Next  set  aside  botli  cover- 
glasses  to  dry  in  "  lur,"  imd  then  pass  them  three  times  through  a 
spirit  flame.  A  temperature  of  1^0'  C.  should  be  reached  for  a  few 
seconds,  to  precipitate  and  fix  any  albuminous  material  to  the  glass. 
If  a  weak  staining  solution  is  used,  the  cover-glasses  must  be  floated 
on  it,  prepared  side  downwards,  for  some  minuter  or  hours.  A  strong 
solution  (two  to  five  per  cent.)  is  sometimes  as  good,  and  stains  deeply 
in  less  than  a  minute.  Pour  a  little  on  to  the  dried  cover-glass,  leave  it 
for  a  few  seconds,  wash  with  distilled  water  from  a  wash-bottle,  and 
dry  over  a  flame.  Next  warm  a  slide,  and  just  melt  on  it  a  little  solid 
Canada  balsam ;  drop  the  slightly  warmed  cover-ghiss  on  to  this  and 
press  it  down  very  carefully. 

Certain  organisms  are  distinguished  by  retjiining  kisic  aniline  dyes, 
such  as  fuchsine,  gentian  violet,  and  methyl  violet,  even  when  they 
are  acted  on  by  a  solution  of  nitric  acid  (I  in  3),  which  decolorises 
everything  else,  including  other  kinds  of  bacteria.  Af^er  the  acid  has 
been   waslied   otf,   the  decolorised   parts  may  be  stained  with   some 
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contrast-culour — e.g.,  fuchsiiie  or  methylene  blue.  The  cWrf  foQ^ 
known  to  stain  in  this  way  are  the  bacilli  of  tubercle  and  of  leprosj. 
B.  tuberculosis  is  now  constantly  sotight  for  in  pus.  in  sputum^  aod 
in  urine  either  fur  purposes  of  dingiiosis,  or  to  leAm  Uie*  n-^ull 
treatment. 

Tor  the  examination  of  fluids  for  B.    tuberculosis.  Gibbc»' 
stain  is  the  quickest.      It  consists  ot   two  {mrts  of  fu^chinc  to  one  pui 
of  methylene  blue  dissolved  in  an  alcoholic  sohition  of  aniline  oil. 

A  method  of  very  j^reneral  use  in  the  search  for  bacteria,  bulli  in 
cover-glass  specimens  and  in  sections,  has  been  introduced  by  Gran  of 
Coj>enhrigen.  Prt'|>ared  cover-glasses  are  soaked  for  some  tulnute* 
and  sections  for  some  hours,  in  Ehrlich's  solution  of  gentian  vk>)€t«* 
until  they  are  deeply  stained.  They  are  then  placed  on  or  in  a  solotioa 
of  iodine  t  until  they  turn  bmwn  {i,f!.,  two  or  three  minutes).  The 
specimens  are  next  washed  in  alcohol,  dried  and  finally  tnountrd  in 
Canada  balsam.  Some  organisms  remain  deeply  stained,  but  some — Mtcb 
a&  the  gonococcus  and  Fricdlander's  pneumococeuH — are  decolorised. 
Eosine  or  Bismarck  brown  may  be  used  as  a  contrast  stain.  Thb 
method  of  staining  often  helps  to  clistillgui^h  allied  fonni*  of  bacteria. 

II.  Pretence  of  Micro-organUma  in  Tiuues* — Thin  sUcrsof 
the  tissues  to  be  examined  should  be  placed,  as  s4>on  as  possible  alter 
death,  in  strong  niethylatc<l  spirit  or  in  absolute  aleuliol.  Wbrn 
thoroughly  hardened,  sections  may  be  cut:  these  must  be  very  thin. 
If  a  freesing  machine  is  used,  a  thinnish  slice  of  the  tissue  moat  be 
soaked  in  plenty  of  water  for  two  or  three  hours  to  remove  all  trace  of 
ulcuholf  and  then  put  into  inucilugc  for  a  sunilor  time.  The  sections  are 
washed  ami  then  placed  fur  twelve  hours  or  longer  in  a  one  per  cent, 
watery  solution  of  the  dye  selected,  which  must  always  l>e  filtered  brfore 
use :  warmth  facilitates  staining.  Some  worker«i  transfer  the  ^tainod 
•ectJon  ti>H  one  per  cent,  solution  of  glacial  acetic  arid,  then  to  absolute 
alcohol,  and  finally  to  whatever  clarifying  agent  \>>  employed  (erdar  oU 
xylol,  eoal-tar  naphtha) :  others  omit  the  acetic  acid.  Each  of  thoac 
fluids  dissolves  the  dye  out  of  the  tissue,  and  the  difficulty  is  to  chttt 
thc  sections  through  them  rapidly  enough.  It  is  best,  therefore,  at 
5rst  to  take  only  one  section  at  a  time  out  of  the  staining  fluid.  One 
or  two  trials  will  show  how  long  the  section  nmst  be  left  in  each  0nkl 
in  order  that  it  may  still  retain  a  rather  pale  colour  when  it  U  spread 
out  OU  the  slide.     Excess  of  Uic  clarifying  reagent  is  removed   with  • 
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piece  of  clean  filler-jwper  prt'ssod  firmly  on  it.  A  drop  of  CaiiikIu 
balsam  dissolved  in  xj/hf  is  put  un  the  cover-gluss,  and  this  is  applied  : 
chlorofonn  and  beijzol-balsnni  slowly  tlissolve  out  the  stain,  and  pure 
balsam  is  rather  difficult  to  work  with. 

If  a  blue  or  violet  »taiii  has  been  used,  the  sections,  after  washing  in 
[alcohol,  may  be  dipped  in  water  for  a  moment,  and  then  placed  in 
cosine-  or  carmine-solution  for  an  hour ;  the  tissue-elements  acquire  a 
red  tiutj  whilst  the  organisms  remain  blue  or  violet.  The  sections 
must  now  be  placed  In  alcohol.  The  subsequent  stages  are  the  .same 
as  before. 

To  examine  tissues  for  B.  tuberculosis  or  B.  lepnp,  ZiehVs  stain- 
ing fluid*  is  the  best.  A  saturated  alcoholic  solution  of  methylene 
blue  will  also  be  required,  as  well  as  a  mixture  of  nitric  acid  (B.K) 
Ivith  two  or  three  parts  of  water.  Place  the  sections  in  the  fuchsine 
solution,  and  Ichvc  them  in  a  warm  place  for  at  l<^a.st  two  hours  ;  then 
transfer  them  to  the  nitric  acid  solution  and  leave  them  until  the 
colour  is  almost  gone  ;  then  rinse  them  in  water,  and  put  them  into 
methylene  blue  for  an  hour.  Now  |)asj>  them  through  absolute 
alcohol  and  whatever  clearing  reagent  Ls  used,  and  then  mount  as 
before.  B.  tuberculosis  and  R  lepra*  will  ap|>car  as  red  rods  on  a  blue 
ground  ;  all  other  organisms  present  will  be  blue. 

With  large  and  delicate  sections  it  is  a  good  plan  to  use  the  glass 
slide  as  h  section-lifter,  pushing  it  obliquely  into  the  xylol  or  even  the 
alcohol,  and  there  spreading  the  section  out  upon  it  Large  vessels 
and  plenty  of  the  fluid  must  be  used  for  this  purpose. 

With  Iftrge  organisms  or  with  successful  contrast-stJiining  a  power  of 
500  diameters,  and  ordinary  illumination,  will  be  sufficient  for  most 
purposes  ;  but  for  the  smaller  fungi  ait  oil-innuersion  lens,  and  a  sub- 
stage  condenser  of  very  wide  angular  aperture,  are  necessary. 

CtUtiTatioii  of  Micro-organisinB.  ~  HaWng  determined  the 
presence  of  organisms  in  a  fluid  or  tissue,  it  may  be  necessary  to 
cultivate  them,  in  order  either  to  study  their  life-conditions  or  to 
separate  them  from  all  other  species  and  other  matter.  Cultivations 
may  be  iiuule  in  fluids  or  in  solids. 

In  Flnids.— Klebs  introduced  a  method  which  consisted  in  adding 
to  a  sterile  fluid  a  small  quantity  of  the  substance  containing  the 
fungus.  Under  suitable  ctuiditions  the  latter  will  grow.  A  small 
quantity  of  the  culture-Huid  may  then  be  added  to  another  flask,  and 

*  Dissolve  one  gramme  or  fuchsine  in  ten  cc  of  alcohol,  and  add  n  hundred  c.c.  of 
a  WHtery  solution  of  carbolic  acid  (i  m  ao}. 
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so  un  until  nil  vestiges  nf  anything  introduced  into  the  6rst  flask  wHii 
the  originiil  or^^iuns  must  huvi-  practically  diMappcnrrd.  If  more 
than  one  kind  of  fun^s  is  inoculated,  or  if  In  the  inoculation  tsi 
successive  flasks  contain  inn  tion  front  the  air  or  np])Aratus  occurs,  it 
may  be  imposbible  to  ubtaiii  a  pure  cultivation  of  uiie  organi&in. 

In  Solids* — Koch,  therefore,  introduced  solid,  tran.s|Mrtrnt  culturr- 
^n)unds.  Clear  meat-brnths  and  uther  Huids  are  peptoiiiHc-d,  and  thrA 
stiffened  by  the  addition  of  suHicicnt  gelatine  (Ave  to  ten  }>cr  cent.)  to 
render  them  solid  at  65'  to  8f»  F.,  at  which  tem|>eraturc  most  fungi 
will  grow  fairly.  Agnx-agar,  obtained  from  dried  seawee<l.  is  now  used 
(one  to  two  per  cent.)  to  stifien  fluids  required  to  remain  solid  at 
temperatures  above  thnt  of  the  melting  point  of  gelatine,  in  order 
that  the  life-conditions  of  organisms  at  any  temperature  pmwiblc  in 
tJir  bo<ly  may  be  detem»ined.  Solidified  blood-serum  and  other 
media  are  also  employed.  In  all  cases  the  culture-ground  must  be 
sterilised  by  heating  to  60^  C  (l-IO^  F.)  for  short  periods  on  consecutive 
days.  Transparent  culture-grounds  are  generally  employed  in  one  at 
two  ways. 

I.  Tabe-cnltnrefl. — Fill  the  lower  thinl  of  a  test-tube  with  the 

selecte<l  culture-ground  ;  insert  a 

plug  of  cotton-wool  into  the  ofifice 

of  the  tube  ;  sterilise  according  Xo 

the  method  just   deMnibed*  and 

then  set  the  tube  aside  to  cxnl, 

I  ^  3^  I   1  l[        either  in  a  vertical  or  an  oblique 

•^^WPTTi  [losition,   according    to    whether 

^Sk  y '  9^      I  depth     or    surface    Is    rcqttindl 

'  II  y  ^^y  I         'V\i\s  and  the  following  detiUU  aiv 

n  ^^^^^  I  shown  in  Fig.  1 1 8.     To  make  a 

|l  ^^^^T  m\^       cultivation    on  the    grtuuid    thus 

Jt    ^^^7^^  prepared,  invert  one  of  the  tobca, 

■^  "  remove    its    plug,    then    with    a 

sterilised  platinum  wtrr  take  Mtmr 
of  the  suspected  liquid  and 
transfer  it  to  the  culture-groond, 
puncturing  this  witli  the  wire  aa 
hhown  in  the  figure.  Re-inscrt 
the  plug,  and  put  the  tube— the 
right  way  uj) — in  an  incubatJag 
chamber  under  such  conditions  of  tem[K'niture  as  may  be  desired. 
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a.  Tube  prvpiuvd  for  "  stick  "  culture. 


Tube  prcpaird  for 
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Method  of  roaking  ' 
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Colonies  of  organisms  will  gradually  appear  (1)  on  the  siirfftce  only, 
if  oxygen  is  essential  (aerobic)  ;  (2)   in  the  lower  part  of  the  track 


=? 
^ 


r=r\    Ffi 


Cft      ~  C/  l^  «■■'  K' 

Fig.  119. — Diafmmmafic  rffresentation  t^various  Forms  <f  StirM  CuUurt, 
a.  An  a(:robic  organism — groMrs  therefore  only  on  surface. 
S,  An  ana^obic  orgaoUim— grows  tliercfore  only  beneath  the  surface. 
r.  An  organism  indiflTerciit  to  the  presence  of  air — gro^i-s  therefore  on  and 

beneath  surface. 
«/.  An  aerobic  organism  which  liquefies  gelatine. 
e.  An  aerobic  but  capably  anerobic  organism,  which  also  liquefies  gelatine, 

bnt  in  a  different  manner  to  J. 

only,  if  oxygen  is  fatal  (anaerobic)  ;  or  (3)  on  the  surface  and  along  the 

track,  if  the  presence  of  oxygen  is  a  matter  of  coniparativc  indifTerence. 

In  some  cases  the  form  of  the 

growth  i3  charucteri3tic(Fig.  1 20) : 

in  others  the  metlia  are  liquefied 

in  some  peculiar  and  therefore 

diagnostic  manner  (Fig,  1  19). 

II.  Plate -cultures^  Inocu- 
Ute  m  tube  as  before,  warm  the 
medium  until  it  is  just  fluid, 
gently  agitate  the  contents,  in- 
oculate a  second  tube  from  the 
first,  and  then  a  third  from  the 
second.  Pour  the  contents  of 
each  on  to  sejxirate  glass  plates, 
and  keep  these  in  glass-covered 
chambers  under  the  desired  con- 
ditions.    Isolated    colunies    will 
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Fig.  ISO.  —  TwA^  CuUmres,  showing  pecu- 
liariiies  of  growths  along  the  lines  of  punc* 
ture.     {Miet  Sieriit>erg,J 
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gradually  develop  in  different  proportions  on  CAch  plate,  axmI. 
very  numerous,  may  run  together.  Different  ni^anisms  will  prritluce 
colonies  differing  in  uppcarance.  Tubes  can  be  sulKequenlly  Inoru- 
Uted  from  whichever  of  these  colonies  a  cultivation  is  desired.  Thuf, 
for  each  organism  we  can  ascertain  the  influence  of  different  tempcm* 
tures,  media  and  gase«,  as  well  as  separate  one  organism  fnna  any 
others  tliat  may  have  been  simultaneously  introduced. 

To  examine  air,  a  glass  plate  covered  with  gelatine- peptone  may  be 
exposed  for  a  given  time,  and  then  kept  under  a  moist  belKjar : 
colonics  will  grow  wherever  germs  have  fallen,  and  any  of  them  CAn  be 
subsequently  cultivated  in  tubes.  Again,  a  portion  of  earth  or  tiMue 
may  l>e  broken  up  in  sterilised  water,  and  a  little  of  this  may  be  shaken 
with  sterilised  gelatine-peptone ;  the  latter  is  tlien  jioured  on  a  pUte 
and  allowed  to  set.  Most  frequently  such  cultivations  are  carried  oa 
in  test-tubes,  inoculated  with  a  platinum  wire  heated  to  redncM  jolt 
before  it  is  dipped  into  the  substAnce  to  be  examined.  A  puncture 
with  it  is  then  made  into  the  gelatine.  A  verj*  handy  method  uf 
cultivation  is  the  inoculation  of  slices  of  recently  boiled  potato,,  made 
with  a  pure  knife,  and  kept  under  a  l>ell-jar  in  moint  air. 

In  all  experiments  the  apparatus  must  be  carefully  sterilised,  and 
each  pnKTcdure  carried  on  in  ns  still  and  pure  an  atmosphere  ]i$  |>os«ible. 

CI.ASSIFICATION  OF  BACTERIA. —It  has  already  brea 
pointed  out  that  all  organisms  are  by  no  means  of  the  Rame  ftliape. 
Are  there  sufficient  graumis  for  assuming  that  l>ecnuse  organisms  differ 
in  shape,  they  also  differ  in  species,  and  that  each  shape  rocaitt  a 
different  species ;  or  do  the  many  different  sha]>es  merely  represent 
different  stages  in  the  life-history  of  a  eompamtivcly  few  species?  No 
elassificjition  i.s  |>ossible  until  this  matter  is  set  at  rest.  The  aikawvr  b 
that  /orm  aUmc  is  not  suHirient  lo  c*<tablish  or  to  disprove  of 

species.     To  obtain  satisfactor)-  evidence  on  this  |>oint  it  i^  'c\y 

necessmry  to  watch  a  given  organism  pass  through  its  whole  drveiofh^ 
mental  cycle  from  beginning  to  end ;  to  note  carefully  the  form,  siae, 
structure,  staining  afiinities,  and  method  of  reproduction,  of  the 
individual  cells  in  each  stage  ;  and  to  observe  their  grouping  and  cffiecU 
— macroHcopic  and  microscopic — luth  in  the  tissues  and  on  variutu 
culture-grounds.  It  is  necessary  also  to  discover  and  «e|>arate  tbclr 
chemical  products,  nml  to  ascertain  the  effects  of  inoculaticm.  All 
these  abscr\-ationn  must  be  carried  out  not  only  under  cuiiditions  as 
natural  as  can  be  devised,  but  also  under  such  as  arc  best  calcuUted  to 
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Jnducr  vnriations.  In  this  way,  and  in  this  way  alone,  can  the  specific 
indivi(hwlity  of  any  organisms  be  made  out,  and  a  useful  classification 
of  the  differeait  species  be  devised. 

Wherever  this  laborious  investigation  has  been  carried  out,  no 
reason  lias  been  found  to  doubt  the  existence  of  distinct  species  of 
bacteria.  And,  just  as  among  higher  forma,  species  and  even  genera, 
have  been  confounded  with  one  another  until  the  differentiating  points 
were  discovered,  so,  doubtless,  is  it  with  bacteria;  and  the  number  of 
recognised  species  may  therefore  be  expected  to  increase  continuously. 
Two  coccus-forms  may  ap|>ear  to  be  exactly  the  same  until  inoculated 
upon  some  particular  animal,  when  marked  differences  between  them 
will  become  apparent.  Cohn  jM>ints  out  an  analog)'  to  this  in  the  close 
naked-eye  and  microscopic  resemblances  between  the  sweet  and  bitter 
almond,  the  chemical  constituents  and  consequent  physiological  actions 
of  which  are  so  very  different ;  and  Virchow  alludes  to  the  impossibility 
of  distinguishing  between  the  cells  of  the  early  embrj'o,  though  their 
potentialities  are  so  varied.  In  some  of  the  cases  in  which  bacteria 
resemble  one  another  in  microscopic  appearances,  in  staining  affinities, 
and  in  culture-effects,  differing  only  in  pathogenic  results,  it  is  quite 
possible  that  the  innocuous  organism  is  not  a  distinct  species  but  only 
an  attenuated  variety  (p.  '(28). 

[>ifficulty  naturally  arose  in  ejtrly  times  from  imperfection  in  the 
culture-methods,  from  inappreciation  of  the  absolute  necessity  of 
seeing  the  development  of  any  given  form  throughout  its  whole  cycle, 
and,  lastly,  from  the  polymorphism  of  certain  forms  which  has  before 
been  alluded  to.  The  introduction  by  Koch  of  solid  culture-grounds 
enabled  observers  to  fix  the  organisms  under  examination,  ;md  added 
enommualy  to  the  ease  and  certainty  with  which  pure  cultures  were 
obtained ;  and  when  it  was  found  that  the  various  developmental 
stages  of  polymorphous  bacteria  were  constant  both  in  appearance  and 
in  order  of  succession,  it  became  clear  that  they  were  no  more  dis- 
qualified by  their  polymorphism  from  specific  classification  than  was 
the  frog  on  account  of  its  tadpole  stage. 

In  support  of  the  view  advanced  by  Billroth  and  Kiigeli,  that  all 
organisms  are  variations  of  one  or,  at  most,  of  a  very  few  distinct 
8|>ecies,  the  following  are  the  chief  arguments  : — 

I,  Tfutt  in  fucct  stive  cuitmtt'umSy  fxpec'mlitf  in  different  media,  the  J  onus 
derelrrjfcd  vnrtf  greatly  Jfrtm  the  original  ;  that  these  assume  in  succession  the 
shapes  chamrteristif  of  Cohns  orders  ;  *  ntid  thai,  at  the  same  time,  their 
*  1.  Cocci,  J.  MicrobActeria  ;  3.  Dcsmobacteria ;  4.  Spirobactcria. 


asCi 


THK  VKGETABLE  PARASITES. 


phifMogical  acliv'tiif  ciumgrs  nfimiltf,  lliis  is,  of  course,  a  tlirrct  pon 
diction  of  Koch's  cxj>erience,  and  w/iy  hr  true ;  but  it  must  br  rcme 
berfid  that  the$c  results  were  obtained  with  fluid  culturr-mcdut ; 
the  difficulty  of  obtaining  pure  cultivations  in  Huid-media  is  great  ; 
that  the  methrnl  employed  (successive  cultivation)  is  one  in  which 
accidental  introduction  of  other  organisms  renders  error  easy.  In  fort, 
it  is  far  easier  to  fail  than  to  succeed ;  so  the  suspicion  ariKoi  thai  the 
cultivations  were  never  pure  or  that  they  became  rnntAxninated  by 
other  organismft. 

2.  Thai  diffcrrnt  forms  o/  badtria  cur  foHud  taking  pari  di  ike  mme 
dfci>tHfXMiian  {e,g.,  putrefaction).  This  shows  simply  that  ftetvral 
(liferent  organisms  are  capable  uf  living  in  the  same  fluid.  The 
process  is  a  romplex  one,  and  tlie  products  are  the  result  of  Uie  lilr- 
actions  of  different  form» :  it  does  not  show  that  different  formm  tlcvelop 
from  one  species. 

3.  Tftal  the  same  Jorm  moif  he  found  asaodaird  nilh  the  rery  difierott 
chrttiical  vhanget.     Thus  micrococci,  indistinguishable  from  each  otlicr 
by  form  or  Mze,  occur  in  relation  with  pneumonia,  erj-sipelas,  smaU-pos» 
pyaemia,   infective    osteomyelitis,    and    many  other    diseaftea. 
argument  con  only  be  met  by  tracing  the  life-history,  and  e: 
the  products  of  each  organism  as  described  on  p.  l^S-i. 

4.  That  thr  virulence  of  organinrti  can  be  modified  in  either  directian. 
Davaine  pnxluced  an  artificial  septicemia  by  injecting  putrid  fluliliv 
containing  many  forms  of  bacteria,  into  rabbits,  and  found  that  tlw 
virulence  of  the  poison  increased  as  the  disease  was  transmitted  frocD 
animal  to  animal  ;  but  tlmt  no  increase  of  virulence  occurred  after  the 
•ef?and  or  third  generation ;  and  Koch  allowed  that  this  increase 
was  due  to  tlic  preponderating  growth  c»f  one  of  the  Ofganivm 
inocnlated  and  the  simultaneous  disappearance  of  all  other  fonns,  aa 
thai  the  apparent  increase  of  virulence  was  really  due  to  the  injection 
of  a  larger  ijuantity  of  the  specific  organisms.  Similar  inoreaMr  tt 
physiological  activity  produced  by  cultivation  has  been  alleged  to 
in  other  urgaiusms,  and  has  been  similarly  explained. 

Moreover  It  has  already  been  shown  that  the  virulence  of 
oigairisms  can  be  modified  by  cultivation  and  inoculation. 

The  whole  oigument,  however,  is  beside  the  mark;  for  variation 
intensity   of  virulence,   in    whichever   direction,  accompanied    by 
morphological  or  other  change,  is  no  evidence  against  the  imditidtmaSt^ 
of  organisms.     As  Baumgarten  puts  it,  mitigation  of  virulence  is  as 
better  ground  for  depriving  a  btictcrium  of  its  sp«'cific  rharaclcr  ihaa 
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uld  the  extraction  of  the  teeth  of  a  poisonous  snake  be  a  reaboa  for 
regarding  it  as  a  nun-poisonous  species. 

5,  Thai  one  organism  can  be  experimentally  converted  into  another. 
Buchner  stated  that  by  cultivating  the  non-ptithugenic  hay-bacillus  in 
meat-infusions,  and  in  unsteriliscd  blood,  he  made  it  '*  wild,"  and  con- 
verted it  into  B.  anthracis  ;  and  that  by  a  converse  prticess  he  converted 
B.  anthracis  into  H.  subtilis.  The  ex|>eriments  have  been  repeated  by 
Koch  and  others  with  a  negative  result.  There  are  distinct  morpho- 
logical differences  between  the  two  bacilli,  of  which  Buchner  does  not 
aeem  to  have  been  aware ;  and  irwibility  to  distinguish  between  the  two 
clearly  invalidates  the  result  of  the  investigation. 

This  is  the  ex[>erimcnta]  evidence  as  to  the  mutability  of 
bacteria.  At  present  the  balance  is  most  decidedly  against  it,  but 
Koch  himself  recognises  that  his  experiments  do  not  prove  its 
impossihihtf/.  Like  all  other  organisms,  these  unicellular  l>cings  must 
have  more  or  less  powcrof  adapting  themselves  tu altered  surroundings, 
and  be  liable  to  mwlificHtion  by  their  environments.  They  may  grow 
more  or  less  rapidly,  may  be  larger  or  smaller,  and  may  separate  early 
or  remain  united  in  strings,  threads,  or  heaps.  On  poor  substrata 
the  developmental  cycle  of  a  polymorphous  fonn  may  be  incomplete, 
or  the  cells  of  a  monomorjihous  form  may  be  stunted  and  irregular,  or 
abnormal  ("involution"  Nageli)  forms  may  appear;  and  they  may 
be  rendered  more  or  less  virulent.  But  Koch's  observations  of 
various  bacteria,  often  extending  over  years,  suHicc  to  show  that  all 
he  dealt  with  preserved  unaltered,  timmgh  a  long  series  of  cultivations^ 
their  inherited  characteristics.  Whenever  the  life-history  of  a  species 
(monomorphous  or  polymoi'phous)  hiLs  been  made  out,  no  important 
departure  from  its  various  stages  hits  ever  been  recorded  :  the  coccus  of 
<:r^'si]>elas  has  never  been  seen  to  grow  into  a  Imcillus  or  a  spirillum. 
Looked  at  from  the  clinical  point  of  view,  every  one  feels  that  Uie 
st  marked  group  of  infective  diseases — the  specific  fevers — must 
ve  an  unvarying,  specific  cause.  Most  f»bservcrs  believe  that  these 
diseases  never  arise  except  by  infection  from  a  previous  case.  Assum- 
ing the  virus  to  be  a  fungus,  they  admit  that  it  must  at  some  time  have 
acquired  the  physiological  action  which  enables  it  to  produce  a  certain 
disease;  but  they  hold  that  there  is  no  evidence  that  harmless  fungi 
do  at  the  present  time  everactjuire  such  powers.  Isolated  comnmnities 
remain  tree  from  such  diseases  for  centuries  until  a  caae  is  Introduced 
among  them;  then  it  spreads  with  the  utmost  rapidity.  In  l.'j'iO  a 
negro,  covered  with  small-jxix  pustules,  was  landed  on   the   Mexican 
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coa&t,  where  the  iliACAse  was  not  then  known  :  three  nnd  n  h*lf  mi 
arc  said  to  have  died  of  it.     In    \Hi6,  measles  was   intruduced 
Copeidia^eu  into  the  Faroe   Islands,  and  almost   every  one  sulTcfcd. 
Similar  tacts  conccniing  other  aeute  s|>ecifics  are  j^ven  by  Sir  T.  Watson, 
in  the  first  volume  of  tlie  Sitnimith  Cnttu/y.      Mufchison  and  otben, 
believed  that  t}i)hus  and  typhoid  might  originate  dc  n<H<o,  bcinK  till 
begotten  ;  but  the  conditions  of  life  in  slave  tihips  and  Arctic  wini 
hou»es  are  as  insanitarj'  as  ever  Ihey  were   in  our  goals   when   \.j\ 
was  endemie  in   them — yet  no  typhus  occurs.     As  to  the  origin  of 
typhoid  fever  from  sewer-gas,  many  towns  and  hotels  show  that  exhala- 
tions of  it   may   be  intense  and   prolonged    without  ever  generating 
tyj)hoid  frver. 

The  pois4.m  of  the  most  infectious  diseases  spreads  so  eoil^  by  aif* 
food  and  clothing,  that  it  is  exceedingly  difficult  to  5nd  a  c«»c  in  wl 
tlic  possibility  o(  infection  from  a  previous  case  cannot  be  shown.  TIm 
less  infectious  kinds  have,  tlierefore,  been  turned  to  by  the  advocal 
of  the  dr  noiHi  origin.  Many  cases  of  diphtheria^  l>elie^*ed  lo 
arisen  spontaneously,  have  been  recorded  ;  and  a  urethnU  discti 
like  gonorrhcea,  in  symptoms  and  communicability,  may,  it  U  said^ 
contracted  frmii  a  woman  suffering  from  any  foul  discharge — i 
gonorrha'ai.  It  is  of  course  (piite  possible  that  urethral  dii 
may  be  excited  by  infective  irritants  other  than  the  gunorrhtxal 
With  regard  to  the  so-cAlled  "  hospital  disejLses  " — pyiemia,  scptioemia, 
and  hospittl  gangrene — ^Ihere  is,  jK-rhnps,  evidence  of  aon>c  changv 
from  non-|>athogeiuc  to  pathogenic  organisms.  Mow  otherwise  is 
be  explained  that^  when  n  new  building,  which  has  never  bcfo 
contained  wounded,  is  use<l  in  time  of  war  as  a  hospital, 
diseases  break  out  as  soon  as  the  crowding  of  the  wounded  rcacbrs  a 
certain  |K>int,  whilst  they  do  not  attack  paticiits  iit  tents  clo«c  by  ? 
U  it  likely  that  the  specific  causes  were  present  in  the  building?  Do 
not  the  fact>  tempt  to  the  belief  that  ordinary  bacteria  acf|uare 
pathogetitc  pro|HTties^  or  at  any  nite  such  n  degree  of  \injlcncr  «i 
enables  them  to  l>ec<ma'  pathogenic  by  cultivation  under  the  coikdttitMM 
brought  about  by  overcrowding  of  the  wounded  ?  TUv  stale  of  atmo^ 
spherr  pnKluccd  ift  the  building  would  seem  to  be  analogtius  U»  tli^l 
••epidemic  inHucncc  "— that  inliuencc  which  causes  infective  diicajo 
every  now  and  again  t<i  become  widely  epidemic.  From  the  vUnkml 
standpoint,  tlicrefure,  it  would  seem  that  but  little  evidence  it 
forthi'oming  in  favour  of  the  mutability  of  bacrteria ;  but  the  qaestk* 
mu*t  be  regarded  «a  still  »nh  jutUcc 
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It  will  be  seen  thnt  by  origin  dt  novo  is  meant — not  the  spontaneous 
development  of  au  organism,  but  the  acquisition  in  an  organism  of  such 
pathogenic  and  other  properties  as  may  fairly  entitle  it  to  be  regarded 
as  a  distinct  species. 


VARIETIES  AND  JETIOLOGY  OP  THE  INFEC- 
TIVE DISEASES. — The  acute  specific  diseases,  to  which  allusion 
has  so  often  been  made,  are  now  regarded  as  forming  only  a  class  in 
the  nmch  larger  group  of  Infectiye  Diseases.  An  infective  disease 
^tiiay  be  defined  as  a  disease  due  to  the  action  of  a  poison  or  virus 
M'hich  has  the  power  of  invading  and  multiplying  in  or  on  living 
tissues.  Infective  diseases  may  be  local  or  general,  just  tis  the 
effects  of  organisms  may  be  local  or  general  (p.  '.VZ'i). 

There  is  at  present  no  satisfactory  classiHeatton  of  infective  diseases. 
[They  are  generally  grouped  according  to  the  acutcness  of  their  course^ 
the  nature  and  distribution  of  their  lesions,  and  such  prominent 
clinical  characters  as  they  may  poHSess.  Tlie  scat  of  the.  micro- 
organisms has  been  suggested  as  a  basis  for  classification.  Tliree 
groups  might  in  this  way  be  made— (1)  those  due  to  organisms  which 
do  not  penetrate  beneath  the  surfaces,  but  discharge  their  products 
into  the  blood;  (2)  organisms  which  thrive  in  the  tissues  and  produce 
local  effects  ;  {J^)  organisms  which  enter  the  circulation  and  thrive  in 
[•the  blood  (see  "  Pyaemia  and  ScplicBemia  ").  In  the  majority  of  cases, 
however,  it  is  still  impossible  to  say  Into  whicli  of  these  groups  a  given 
instance  should  be  placed. 

There  isj  on  tlie  strength  of  the  analogy  which  exists  between 
fermentation  and  infective  diseases  (p.  299)^  a  pritmi  facie  case  in  favour 
of  the  germ-theory  as  applied  to  the  infective  diseases.  And  it  will 
be  found  upon  examination  of  the  evidence  yielded  by  actual  observa- 
tion of  these  diseases,  and  by  experiments  upon  animals,  that  the 
demonstration  of  the  casual  relationship  of  organisms  to  them  is  in 
some  cases  as  complete  as  it  is  in  the  case  of  fennentation,  although  in 
the  great  majority  the  proof  is  still  more  or  less  doubtful. 

To  prove  that  a  mwro-orgtinism  ix  thv  aiusf  of  a  ifht'/uif,  it  is 
Accessary : — 

1.  That  the  organism  in  question,  as  recognised  by  its  form,  mode 
of  growth,  or  protlucts,  be  found  constantly  associated  with  the 
disease,  at  {etiat  in  its  earlier  stiiges ;  and  in  sufticieut  numbers  to 

|;account  for  the  symptoms, 

2.  That  '"pure"  cultivations  of  this  organism  through  several  gcner- 
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atiuiis  l>e  iiuule,  until  it  may  reasonably  be  supposed  tlmt  «vety 
which  couK)  |M>ssib1  y  have  beeu  taken  from  the  animal  that  yitrldcd 
virus,  has  disappeared. 

3.  That  other  susceptible  animals  be  inoculated  with  the  caltivatnl 
organism,  and  that  the  disease  be  thus  reproduced. 

4.  That  ttie  same  orf^tuiism  be  found  in  the  tissues  uf  the  suecesafttllj 
inoculated  animals,  in  such  numbers  and  with  such  a  distribution  u  to 
account  for  the  disease. 

The  demonstration  of  a  well-cfiaraci^nised  organism  in  ctmMUmi  asBod- 
ation  with  a  disease  is  now  by  many  taken  ns  nliitost  ec|uivalent  Vu 
proof  that  It  is  the  cause  of  the  morbid  process.  Kor  it  is.  in  mokt 
cases,  impossible  to  experiment  on  man,  and  frequently  no  anima]  cttn 
be  found  wliich  suffers  from  the  dise^ise  under  investi^intion,  Cbnae- 
quenlly,  the  prcwf  cannot  bur  carried  l>eyond  the  fir>l  »^tage.  ThK 
however,  is  no  proof  at  all  to  those  who  believe  timt  under  certain 
circumstances  a  certain  form  nf  organism  will  develop  spontaneoitUy ; 
nor  is  it  sHtisfactor>'  to  others  who  think  that,  when  a  nidas  fkvo«(nlile 
to  a  ccrUiin  organism  exists,  that  organism  is  sure  to  dmp  into  it, 
Sidney  Martin  has  suggested  that  an  attempt  should  be  nuulr  to 
discover  and  separate  the  chemical  products  nf  the  organism,  both  in 
the  tissues  of  the  animal  or  person  dead  of  the  disease,  and  In  tlie 
subsequent  culture-ground.  If  suitable  media  are  selected, 
products  should  clearly  l>e  identicaL 

The  amount  of  patience  and  skill  necessary  to  carry  on  an  inv 
Uon  of  the  above  kind  can  be  a]>precittted  only  by  those  who 
worked  at  the  subject.  Thetf  arc  not  surprised  that  so  few  diiCMCf 
have  been  thoroughly  Investigated.  In  the  case  of  man,  the  cliAenJty 
of  obt&ining  material  in  the  early  stages  of  diseases,  and  inuurdiatriy 
after  death,  must  also  be  taken  into  account.  I'ntil  quite  rccctiUy 
too,  the  methods  employed  were  wholly  inailequate  tu  tl»e  discovery 
many  kinds  of  fungi.  At  first  there  was  imaided  microscopic  exniBiU 
nation  only,  and  with  inferior  objectives.  The  detection  of  all  fungi, 
under  these  circumstances,  was  very  difficult,  antl  often  ImpoMible. 
A  considerable  step  was  made  when  von  Hecklinghausrn^  in  11(71, 
pointed  out  that  the  uniform  sixe  of  micrococci  An<l  their  mbtingp 
power  against  dilute  acids  and  alkalies  and  glycerine,  miglit  br 
employed  n^  a  means  of  diagnosis  betwc^en  them  and  fatty  and 
albuminoid  particles.  But  progress  has  been  much  more  rapid 
the  introduction  by  Abbe  of  a  powerful  sub-stage  condcDfecr, 
Weigert  of  the  aniline  dyes  as  stains  for  organisms,  and    by    K 
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»f  miuiy  iitiprovemenU  in  the  mode  of  exAmining  specimens  and  4if 
irrying  oa  pure  cultivations. 


IMMUNITY  FROM  INFECTIVE  DISEASES.  —  Some 
diseases  tend  to  recur  again  »nd  again  in  the  same  individual. 
Of  these,  bronchitis  and  facial  erysipelas  are  prominent  examples. 
Other  diseases  show  a  precisely  opposite  tendency.  To  have  suffered 
once  fnnn  one  of  them  is  to  have  secured  almost  certain  freedom  from 
a  second  invasion.  Freedom  thus  ensured  is  known  as  acquired  im- 
mumhf.  Persons,  for  example^  who  have  had  small-pox  are  said  to  be 
immune  against  a  second  attack.  The  sfime  is  practically  true  of 
typhoid  fever,  measles,  and  other  specific  diseases.  It  is  by  no  means 
certain  how  long  such  immunity  lasts  ;  and,  in  man,  there  are  no 
means  of  definitely  ascertaining  its  duration.  Again,  certain  diseases 
which  are  common  in  some  species  of  animals  are  practically  unknown 
in  others  very  closely  allied  to  them.  Thus  tubercle  is  common  in 
pigs  and  cows,  but  excessively  rare  in  sheep,  goats,  horses,  and  asses. 
Mice  fall  a  ready  prey  to  anthrax,  while  rats  escape  unharmed. 
Accordingly,  pigs  and  cows  are  said  to  be  siisveptih/e  to  tubercle  ; 
white  sheep,  goats,  horses  and  asses  are  in  like  manner  said  to  be 
immune  against  it.  The  exact  conditions  on  whicli  this  susceptibility 
or  immunity  depend  are  unknown.  To  distinguish  it  from  the  acquired 
form,  it  is  known  as  natural  or  inheriieti  imtnuttiti/.  When  an  animal  is 
only  slightly  susceptible,  and  yet  not  absolutely  immune,  it  is  often 
termed  rej'ractory. 

In  human  pathology  there  are  also  many  examples  of  these  peculi- 
arities. Negroes  are  immune  against  yellow  fever :  white  races  are 
susceptible.  A  nurse  in  a  fever  hospital  may  never  have  had  scarlet 
fever,  and  yet  may  continue  to  resist  all  exposure  to  the  infection. 
It  may  be  that  inherited  immunity  is  due  to  the  handing  down  to 
ofi'sipring  of  that  acquired  by  ancestors.  Thus  races,  among  which 
certain  acute  fevers  (like  measles)  are  common,  suffer  much  less 
severely  than  those  among  whom  the  disease  appears  only  at  very 
long  intervals.  The  complete  immunity  of  the  negro  to  yellow  fever 
is  gcnendly  accounted  for  by  supposing  that  those  who  could  resist 
the  disease  best  would,  by  living  longest  and  having  most  children,  be 
nio«t  likely  to  hand  on  their  peculiarities  to  the  succeeding  genera- 
tion :  and  further,  that  the  degree  of  immunity  thus  gained  would  l>e 
strengthened  by  the  intonnarriage  of  those  already  jmrtly  inmmne. 
But  this  explanation  oH'crs  no  adequate  reason  for  the  peculiar  sporadic 
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iinmiinltv  enjoyed  by  somr  individimls,  as  in  the  c«sr  of  Ihr 
rmnie  jusl  cited.  Occasionally  this  sort  of  immunity  is  more  «p 
than  real.  Two  medical  students  yuiid  almost  daily  visits  to  sciiTlvf 
fever  wards  fur  several  months^  and  failed  to  contract  the  dtscase; 
but  late  one  afternoon,  on  entering  the  wards  much  rxhaust^  hj 
>vere   exercise   and   a  fast  of  five  liours,  both   took  ilic  disetM   Id 

severe  form,  iind  one  died. 

Artificially  Acquired  Inunanity. — Three  forms  of  prercsitivr 
inoculation  have  been  entploved  to  secure  innnunity  from  dtaeaar, 
or  to  arrebl  the  development  of  conta^ia  that  have  a1re«dy  readied 
the  timues. 

I.   Infx;ulation  with  the  attenuated  virus  of  the  original  diiicue. 

a.  Inoculation  with  the  chemical  products  of  the  organisms  of  the 
origiruil  disca^ie. 

S.  Inoculation  with  serum  obtained  from  an  animal  that  has  brca 
treated  b}'  one  of  the  two  preceding  methods. 

I.  It  has  l)een  well  known  since  the  sixth  century*  that  tlic  artlfidal 
iiuM'ulation  ofsmall-itox  produces,  on  the  one  hand,  a  mild  form  of  the 
disease,  and,  on  the  other,  confers  u|>on  its  subject  immunity  ai^aiast  • 
second  attack.  In  one  country  after  another  it  has  for  a  time  beev 
the  custom  to  practise  inoculation  to  ensure  this  result.  It  has 
also  long  l>ren  recognised  that  epidemics  vary  in  severity,  and  tl*st 
mild  attacks  and  severe  attacks  are  equally  efficacious  in  seouring 
immunity. 

Pasteur  was  the  fimt  to  place  preventive  inoculation  on  a  sHentifir 
basis.  He  demonstrated  that  the  \injlenee  of  some  couta^is  can  be 
varied  by  exjierimental  procedures.  In  the  case  of  chickeo-cholct^ 
he  showed  that  by  exposing  cultures  of  the  vini4  for  long  periods  its 
virulence  iHTame  so  reduced  tlwit  inoculation  of  the  weakened  or 
itHrnuiiied  organisms  guvc  rise  to  a  comparatively  mild  disorder,  which, 
however,  sutticcd  to  secure  immimity  against  subsequent  attacks- 
Other  observers  have  since  shown  that  the  virulence  of  many  other 
organisms  can  also  be  modified^  and  that  the  organisms  can  be  kr|)t  in 
their  attenuated  condition  through  several  cultivations  ;  though   there 

:ms  to  be  a  general  tendency  for  them  to  return  to  their  prrvkMM 
^grec  of  virulence.     The  attenuation  is  generally  effected  b^  one  i^ 
two  methods. 

(I)  A  scries  of  animals  is  experimentally  selected,  generally  oa 
account  of  their  slight  susceptibility  to  the  disease  in  que»tkia. 
Successive  inoculations  are  tlien  made  from  one  to  another,  until  tt 
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found  that  tlie  desired  degree  of  Attenuation  has  been  reached. 
[2)  Cultures  of  ordinary  vinilence  are  exposed  to  the  air,  or  to  an 
increased  temperature  only  vsH/fhtly  below  Uie  fata!  limit,  or  to  tlie 
action  of  smalt  doses  of  various  antiseptics.  Pasteur's  treatment  of 
persons  bitten  by  rabid  animals  is  the  best  known  illustration  of  this 
method,  though  no  hydrophobia-or^nism  has  yet  been  discovered. 
By  a  series  of  successive  inoculations,  a  special  virus  is  prepared  which 
is  known  to  have — when  injected  into  rabbits — a  constant  inculuition 
period  of  six  days.  Rabbits  arc  inoculated  with  this  virus,  and  their 
spinal  cords  are  subsequently  dried  very  gradually  in  the  presence  of 
caustic  potash.  The  longer  the  dr)in^  is  continued,  the  weaker  the 
virus  becomes.  If  an  cuuilsion  of  n  rord,  that  h.us  been  dried  for  six 
lys,  be  made,  and  inoculated  upon  rabbits,  it  entirely  fails  to  produce 
le  disease.  Pasteur's  method  is  to  give  ten  injectionSf  extending 
rer  four  daysj  according  to  the  following  table ; — 


First  injcciion,  ist  day,  Emulsion  of  cord  dried  ten   days. 

Second 

Third 


Fourth 

Pifih 

Sixth 


ist    „ 

1st 

and  ., 
and  H 

and  „ 


nine  ,, 

eight  ,, 

MTcn  ,. 

>ix  ., 

five 


Seventh 

laghth 

Ninth 

Tenth 


3rd 
3rd 
3rd 

4th 


four  ,, 
three  ., 
two 

one    day. 


fliree  days  a  few  more  injections  are  given  daily,  and  the 
>roces*i  is  complete.     Statistics  are  strongly  in  favour  of  the  efficacy  of 
le  method.     There  is  generally  plenty  of  time  to  <'arry  it  out,  as  the 
icubation-pericHl  in  miui  is  never  less  than  twelve  days  and   usually 
alxmt  six  weeks. 

This  mctho<l  of  securing  immunity  is  not  applicable  to  the  vast 
majority  of  specific  diseases.  On  the  one  hand,  certain  organisms, 
such  as  the  tubercle  bacillus,  have  hitherto  defied  all  efforts  made  to 
attenuate  them,  and,  on  the  other,  there  is  some  risk,  even  after 
attenuation,  that  tiie  disease  may  be  produced  in  a  virulcut  form. 

la.  To  avoid  this  latter  danger  the  chemical  products  have  been 
freed  from  the  living  organisms  and  injected  alone.  The  organisms 
can  be  removed  by  filtering  fluid  cultures  thr(»ugh   porcelain  ;  or  they 
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may  l>e  killed  by  ttie  Hctiori  of  hcAt,  or  of  some  volatile  antiseptic,  sudi 
as  oil  of  mustard,  which  can  be  subsequently  removed.  Sometiina 
the  full  de^ee  of  jminiinity  attainable  i*t  reached  atXcr  twn  or  thrre 
injections,  but  in  other  diseases  and  other  aiumals  the  injectinn^  have  U> 
be  repeated  every  two  or  three  days  for  several  weeks  or  even  roontltk 
Immunity  thus  conferred  is  not  always  very  certain,  Dor  i»f  long 
duration;  and  the  method  is  nut  attended  with  favourable  results 
in  those  eases  in  which  exposure  to  infection  |>rcrcdett  its  Ap|ili- 
eation. 

I  laffkine's  vaccination  against  rliolcra  ilUtstnites  both  this  mnA  the 
prtcetHn^  ittcthod.  tic  employs  two  vaccines.  One  is  nuidr  fn'tn  an 
attenuated  virus,  the  other  fn>m  an  exalted  virus.  The  attmuatnl 
virus  is  prepared  by  eultivaling  the  cholera-spirilla  in  aerated  incdU  at 
a  teJiiperature  of  .i9'  C.  (102*2~  F.).  The  exalted  vims  is  prepared  in 
tl>e  following  manner.  A  pure  culture  of  the  or^inism  is  intrmlucrd 
into  the  |KTitoneal  cavity  of  a  ^inen-pig.  Death  follow*  in  twenty- 
four  hours.  The  peritoneal  fluid  is  immediately  removed  and  another 
guinea-pig  similarly  inoculated.  Tliis  process  is  continued  through  a 
series  of  animals  until  the  interval  between  inoculation  and  death  falU 
to  its  lowest  limit.  Persons  to  be  protected  are  vaccinated  twice.  ()a 
the  first  occasion,  the  Attenuated  virus  is  used  ;  on  the  second,  ihrre  to 
five  days  afterwards,  the  exalted  vims.  The  vaccination  is  ii«tppo«rd 
to  produce  a  suHicient  tolerance  to  the  choIcrH-|K>ison  to  enable  the 
body  to  "  react  "  more  vigorously  when  attacked  in  the  ordinary  way. 
Sometimes  the  Ihing  cultures  are  used,  but  more  often  Uie  vardne  It 
aUritisrH  by  the  addition  of  carbolic  /icid.  Prc|Mircd  lhu»  the  fluid  can 
be  more  easily  prescr\'ed,  and  can  be  introduced  wilJi  less  risk  ;  kut,aft 
in  other  cases,  the  results  are  neither  mj  certain  nor  so  prolonged.  The 
ftterilised  products  of  Imcteria,  irresi>eclive  of  their  exact  nature,  are 
often  termed  iojcinf*. 

:J.   Thcjse    results    led    Hchring    in    I8>>0    to  examine    tht.    smtm  ol 
nnimali    tlius    immunise<l,   and   since  that  time  many   ob«ervcrs  havc.^ 
followed  in  his  footsteps.     In  the  case  of  tetanuBj  the  serum  of 
niunised   rabbits  was   u^ed,  and   three  very  remarkable  rtculta  w 
established.     It  was  fi»und  that  — 

(1)  Ucpeatcd  injections  of  this  scmm  will  render  mire,  which  are 
particularly  susc«'ptible  to  the  disease,  absolutely  immune. 

(*i)  'Hie  ailditiun  of  the  serum  to  living  or  to  sterilised  cultam 
of  the  bacillus  will  completely  destroy  the  pathogenic  pover  of 
each. 
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(3)  The  injection  of  the  serum  into  animals  aJready  sufTering  from 
tf^tanus  will  not  infrc(|uently  leail  to  absolute  recovery. 

Furthermore  it  was  found  that  while  the  ordinary  st-rum  of  a 
naturally    inmiune  animal    possessed  none  of  these   properties,  they 

uld  be  developed  by  a  series  of  similar  inoculations. 

This  method^  when  applied  to  the  treatment  of  disease  already  cou- 
tnicted,  is  known  as  svritm-^htropentics,  or  treatment  by  anti-tojtitt. 
It  has  been  employed  in  tetanus,  with  not  very  satisfactory  results, 
but  is  more  extensively  used*  in  diphtheria.  The  various  stages, 
comprising  the  whole  process  as  ^ven  by  Houx  at  the  Budapest 
Congress  in  I8f)l-,  will  serve  as  an  mbnirable  illustration.  They  are  as 
follows  :— 

(1)  A  pure  culture  of  the  bacillus  diphthcriH-  (Lo'filer)  is  made. 
This  takes  about  three  weeks. 

(2)  The  organisms  are  removed  by  filtration  through  porcelain. 

(3)  Tlie   toxine  thus  obtained  is  injected  intn  the  horse  in  small 
unntities,  two  or  three  times  a  week,  until  no  reaction  follows.     This 

nod  extends  over  from  one  to  three  months. 

(4)  Some  of  the  blood  is  then  withdrawn,  tmd  the  serum  is  separated, 
aterilised,  jmd  stored  far  subsequent  use. 

(5)  When  required  for  the  treatment  of  diphtheria,  a  dose  of 
about  20  c.c.  is  injected  under  the  skin.  A  second  dose  is  occasion- 
ally required.     Improvement  follows   in   the   course    of   twenty-four 

ours. 

The  active  principle  contained  in  the  serum  is  unknown.  In  this 
country  it  is  generally  referred  to  as  "anti-toxin." 

Attempts  have  been  made  to  deal  with  tuberculous  disease  in  the 
same  manner.  The  tubercle  bacillus  has,  however,  successfully  resisted 
all  attempts  made  to  attetmate  it ;  luul  to  inject  the  organism  in  its 
ordinary  degree  of  virulence,  is  simply  to  inoculate  the  disease  from 
which  immunity  or  relief  is  sought.  The  next  step  was  made  by  Koch, 
who  pre|>ared  a  sterilised  extract  of  its  products,  which  Mas  known  as 

tuberculin."  This,  when  injected,  produces  an  inflannuatory  reaction 
at  the  sites  of  tuberculous  infection.  At  the  present  lime,  experiments 
are  l>eing  made  to  discover  an  anti-toxin,  analogous  to  that  just 
described  in  connection  with  diphtheria. 

It  may  here  be  mentioned  that  ordinary  healthy  bloo<l-serum  is  found 
experimentally  to  be  in  many  cases  a  distinct  germicide.     If  ;uithrax 

ganisms  be  suspended  in  it  most  of  Uiem  will  die.  Evidence  has 
•  November,  itt94. 
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Wen  iuldiiccd  to  sliow  that  this  gcmiicid«l  action  \n  due,  ni  Any  nir  in 
pMrt,  to  the  action  of  nuclein.  It  was  found  that  digrstkio  of  the 
senim  did  not  remove  this  influence,  but  that  a  teinjKrniturc  of  55'  C 
(}'i\  F.)  did.  It  was  accordiiif^l^'  assumed  that,  while  the  ftction  w» 
clearly  not  due  to  albumin,  it  was  still  most  likely  due  tn  come  form 
of  proteid.  The  prt>teids  were  therefore  precipitated  vHth  alrobaJ 
and  ether,  and  the  precipitate  digested  with  |K*psin  nnd  hydrochJork 
acid.  The  undigested  residue  was  then  washed  Hml  ttterilis^rd.  Tlie 
compound  thus  obtiuiied  j^^ave  the  reactions  of  nuolrin,  find  was  found 
tu  possess  a  i^enniciilal  power  over  cholera-spirilla,  st«pliylooomM 
pyoijenes  aureus,  and  ;i'^|)orni;ene  imthrax. 

Theories  of  Xmmonity.—Murh  controversy  has  taken  pUcc 
during  the  last  few  yean  concerning  the  real  imture  of  the  itanumtty 
which  has  l>een  discussed  in  the  preceding  pages. 

It  is  well  known  that  immunity  against  some  chemtciU  aobtllW 
cmi  be  obtained  by  certain  {lersons.  Opium-eating  and  arsenir-catinic 
arc  illustrations  of  this.  Furthermore,  it  ii;is  lately  l>een  sliown  that 
if  minute  but  gradually  increasing  doses  of  ricin — the  active  principle  of 
the  castor-oil  bean — be  given  by  the  mouth  to  guinca-pign,  they  am 
Ih!  rendered  so  far  immune  against  the  action  of  Uic  poi«ion»  when 
injected  subcutaneously,  Uiat  they  will  survive  a  dose  four  hundred 
times  that  ortlinarily  sufficient  to  ]>roduce  death.  In  other  w<»rd*,  the 
tissues  of  the  f>igher  organisms  j>ossess  a  certain  power  of  adapting 
themselves  to  a  new  environment  if  only  a  sutficient  time  be  alluwed 
But  as  soon  ns  we  attempt  a  detailed  explanation  of  these  results,  as 
well  OS  of  those  previously  mentioned,  we  find  that  they  appear  in  muiy 
cases  to  be  absolutely  contradictor)*.  The  serum  of  sonic  imtminr 
animals  is  fatal  to  cultures  of  the  virus  in  question  ;  in  other  c«ae«  it  u 
not,  Againi  while  the  serum  may  be  fatal  to  cultures,  the  UIwhI 
n»ay  have  little  or  no  resisting  jx>wer  against  the  organisms 
intHxluced  into  the  body.  Possibly  the  term  "  immunity 
several  dissimilar  and  complex  processes.  It  is  suHicient  to  mrnUoe 
that  there  are  two  views  current  According  to  one.  immunity  u 
•Imply  a  question  of  chemical  reactions ;  according  to  the  other*  it  mi 
due  to  vital  forces  which  are  called  forth  by  the  action  of  the  »i 
.Metchnikoff".  in  his  "  phagocytosis  "  theory,  considers  that  it 
mainly  ufKin  the  specific  actiun  of  certain  of  the  leucocytes  ({x  ^7). 
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Pathogenic  Bacteria. 

A  more  detniled  reference  must  now  be  made  to  certain  micro- 
orgunisms,  which,  on  more  or  less  satisfactory  evidence,  are  believed 
to  be  the  exciting  causes  of  certain  infective  diseases.  For  want  of  a 
better  classification  we  shall  follow  C'ohn's  (p.  335). 

I.  SPHAROBACTERIA   or   MICROCOCCI These  are 

[Touiid  or  oval   cells,   generally    '5  fi    to   2  /*  in   diameter.     They   are 


Fig.  121.  —  I.  Micrococci  from  an  acute  abscess — streptococci  free, 
staphylococci  in  a  pus-cell.  a.  Streptococci  from  secondary  sup- 
pumtion  in  the  elbow,  occurring  in  puerperal  fever.  (Horslcy.) 
3.  Micrococci  in  cells  from  gonorrhceal  pus.  4.  Sardn»  vcntriculi. 
5.  So-called  bacterium  tcrmo.  6.  Bacilli  anthracb,  from  blood  of 
mouse.  (Horslcy.)  7.  Chains  from  cultivation  of  I),  anthracis ; 
some  bearing  spores.  (After  Ouclaux.)  8.  Bacilli  of  typhoid  fever, 
from  a  mesenteric  gland.  (Gibbes. )  10.  Spirilla  of  relapsing  fever, 
and  red  corpuscle.    (After  Vandyke  Carter.)     x  500. 

arranged  singly ;  in  pairs  (diplococci)  ;  in  chains  {strej>tococct)  of  four 
cocci  to  three  hundred,  which  may  be  straight  or  wavy;  in  groups  like 
bunches  of  grapes  (Maphjflococci) ;  or  in  colonies  and  zooglcea-raasses. 
The  organisms  belonging  to  this  order  differ  among  themselves  in  form, 
size,  mode  of  grouping,  and  physiological  action. 

The  absence  of  distinctive  form  makes  it  very  difficult  to  ascertain 
whether  a  culture  is  "pure,"  and  whether  a  coccus  under  observation 
is  the  cause  of  a  disease  In  question.  Of  all  forms  of  fungus,  cocci  are 
the  most  frequently  associated  with  disease. 

1.  Fermentation  of  Urine. — The  Micrococcus  urea'  is  one  of  the 
causes  of  the  ammoniacal  fcnncntation  of  tirtne,  which  it  enters  from 
the  air.     Urine  obtained  pure,  and  exposed  only  to  pure  air  will  keep 
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acid  for  years.     T\w  trarisi'oniiation  of  urea  into  unmionUim  carbocuil 
is  said  to  be  usually  due  to  the  action   of  an   "unformed"    fermcnl 
secreted  by  this  micrococcus.     The  fenncnt,  however,  inuat  bo  iiKlilfi' 
siblcj  for  the   urine  in  an  excised  bladder  does  not  putrefy  cvm  H 
placed  in  putrid  urine.     The  change  of\en  occurs  in  urine  contaioedi 
in  the  living  bladder,  and  may  extend  up  to  the  pelvis  of  tlie  kidxkcjt 
with  the  most  fatal  results  (Hee  "Suppurative  Nephritis  '*).    The  M. 
is  ratlier  lar|;e  (tf  ^)  and  occurs  singly  or  in  chains. 

Leube  has  demcmntrated  the  existence  of  four  other  dibtinct  b«cti 
producing    the   same    effect   on    urea.     These   and   the   M.    ui 
capably  ajinc-robic,  and  may  tlicrefore  be  the  causes  of  putrefaclioti 


KiG,  12a. — Staphytucoemi  Pyegmts  Aumn. 
From  A  cullure. 


Fig.  1 33.  — 5/nf/ftippaffM»  ^lyii. 

From  pus  faiinri  ia  a  pyvaiiQ 


urine  in  the  bUdder.     Mi(piel  has  discovered  a  delicate  ImcilluK.  whSeli 
bM  a  similar  action,  and  is  anaerobic 

1£.  Bvppnratloii.  nr  pyosls,  whether  in  the  form  tif  ncuti-  >t  '  •  . 
osteomyelitis,  ar  metastatic  pyaemia,  is  usually  assiuctated  w  >J.  t.i. 
presence  of  cocci.  Many  varieties  of  cocci  are  described  aa  oecuaOD- 
aliy  present.  By  far  tlie  most  common  of  thei^c  are  the  Staphfiocaetm 
pyogntes  aureus,  tlie  Staphifiocofviu  pffogcnes  alfnu,  and  the  StrrpiococcaM 
pffOgmcM.  They  all  grow  readily  at  the  liody  temperature.  Tbr 
SU^>kifIococi"us  pifogttiex  aurrux,  and  the  Ki{tpfiylof\Kt*njt  ^Mfog^ntM  tiAHi 
differ  from  one  another  in  only  one  important  particular ;  iiaiuelj,  UmI 
the  former,  when  cultivated  on  gelatine,  agar-agar,  or  p(»tato,  la  the 
pre»ciice  of  oxygeji,  produces  a  |>aie  onuige  pigment,  wliilc  tjie  Utter 
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does  not  (see  Frontispiece).  They  resemble  one  another  iii  forming 
clusters,  in  liquefying  gelatine^  and  in  being  able  to  exist  for  weeks  in 
the  dry  state.  Moreover,  when  introduced  into  the  tissues  under 
favourable  circumstances  they  both  form  a  peplomsing  ferment ;  albu- 
moses  and  peptones  can  always  be  obtained  from  pus.  The  Strep- 
pyogenen  consists  of  cocci  rather  larger  than  the  preceding,  and 
grows  in  chains.  It  does  not  liquefy  gelatine,  and  does  not  form 
pigment.  When  introduced  into  the  tissues  it  peptonises  even  more 
vigorously  than  the  staphylococcus.  The  staphylococcus  is  principally 
bund  in  circumscribed  abscesses;  while  the  streptococcus  is  esjx^cially 

sociated  with  spreading  and  diffuse  suppunktion. 

All  these  organisms  exist  in  considerable  numbers  on  the  skin, 
especially  where  they  can  "obtivin  cover."  They  reach  wounds  by 
growing  under  the  dressings,  and  not,  as  a  rule,  by  falling  from  the 
air.  Minute  quantities  of  boric  add  (I  :  ;^0(),  applied  to  cultures)  and 
other  antiseptics  sutfiee  to  gtop  their  gnxivth.  Observers  are  by  no 
means  agreed  as  to  the  length  of  time  which  a  1  :  1000  s«>Iution  of 
mercuric  chloride  takes  to  kill  them,  the  times  given  varyijig  from 
eight  seconds  to  thirty  minutes.  Possibly  some  of  this  difference 
depends  on  the  diflercnt  virulence  of  the  specimens  tested,  and  may  be 
said  to  be  consistent  with  the  results  obtained  by  inoculation. 

In  the  case  of  these  organisms  the  chain  of  proof  demanded  (p.  ^3!>) 

complete.  Ogston  inoculated  eggs  with  cocci  from  an  acute  abscess. 
ly  a  series  of  cultivations  he  obtained  the  cocci  "pure,"  and  with 
these  he  successfully  inoculated  animals.     Although  abscesses  were 

e  usual    results,  well-marked   seplicwmia   occurred   in  some  cases. 

cci  were  then  found  in  the  bIo*Kl,  though  never  in  very  large 
numbers. 

Further  proof  that  these  organisms  can  cause  suppuration  has  been 
givexu  Similar  operations  were  performed  with  antiseptic  precautions 
on  both  eyes  of  each  of  a  series  of  rabbits,  and  one  eye  in  each  animal 
was  inoculated  with  pyogenic  cocci,  chiefly  the  stapliylococcus  p. 
aureus :  all  the  aseptic  eyes  healed  without  suppuration,  while  alt 
those  infected  suppuratetl  and  were  destroyed,  except  some  in  which 
the  operation  was  quite  superficial  (Knapp).  I'pon  man  numerous 
experiments  have  been  made  :  cultivations  of  staph^'lococci  have  been 
inoculated  upon  the  cutis  and  have  led  to  the  formation  of  small 
abscesses.  Similar  cultivations  have  been  rubbed  into  the  nornml  skin 
of  the  arm  and  have  induced  the  fonnation  of  numerous  impetiginous 
mstules.    Boils,  and,  in  one  case,  a  large  carbuncle,  have  been  pn^dueed 
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ill   A    similar   manner.     Lastly,   the    subcutAneous   inj^clioii  of  thrw 
organisms  hus  resulted  in  thtr  fonimtion  of  abscesses  (p.  ^i24). 

L'nder  ordijiarj'  circumstances  pyogenic  cocci  can  enter  the  skin  by 
the  orifices  of  ducts  or  through  small  abrasion!*.  Impetigo  rrMilt»  il 
they  gain  entrance  to  the  ducts  and  nuiltiply  there  without  pcnetr*- 
ting  the  true  skin.  If  the  cocci  reach  the  depths  of  a  hair^fMlHcle  or 
sweut-gland  their  action  is  more  violent,  and  they  prinluce  a  sloogb— a 
boil  results.  When  the  cocci  actually  [>enetrate  the  cutis  verm  tbcy 
cause  an  abscess  of  the  skin. 

In  metastatic  pyemia  the  proof  is  not  quite  so  c(»mpletc  Large 
numl>ers  nf  micrococci  arc  found  in  the  secondary  foci.  It  ba*»  moi^ 
over,  l>cen  shown  that  the  unhealthincss  of  the  wound  is  in  proportioa 
to  the  number  of  zooglcea-masses  on  its  surface,  and  the  severity  of 
the  disease  to  the  number  of  cocci  in  the  blood  ;  whilst  the  cocci  ha?r 
l>cen  traceil  from  the  wound  into  connective- tissue  inle^^pacr^  and 
even  int()  a  vein.  They  are  present  in  all  clots  undergoing  iikfceti»e 
softening.  On  the  other  hand,  Urge  numbers  of  eocd  have  been  foand 
in  the  blood  of  healthy  persons. 

Concerning  the  sj>eeial  organism  present,  it  may  be  note<l  that 
llosenlMch  examined  six  cases  of  metastatic  pyunnia  and  found  tbe 
ftrrfttococi^Hji  pyogenes  in  Hve,  in  two  of  which  it  was  accompanied  hf  a 
smaller  numl>er  of  the  ttaphjflococctu  pifogntes  aurnut.  In  one  omb— the 
only  one  which  recovered — the  latter  coccus  occurred  alone. 

In  acute  osteomyelitU,  Rof^enlwtch  demimstrated  that  the  aC»- 
phi^ftMvn^ujt  p,  nurrujt  was  present  in  the  great  majority  of  cakcs  .  and 
he  was  further  able  to  supjKirt  l^i<ffler  in  his  statement  that  tike 
same  organism,  when  injected  into  the  veins  of  animals  whose  bongi 
had  been  bruised  or  fractured,  caused  acute  osteomyelitis — and  th» 
whether  the  source  of  the  organism  employed  was  a  case  of  osteo- 
myelitis or  a  boil. 

Spreading  traumatic  gang;reae  often  seems  to  be  due 
itirrftttKOitus  in/agtfif\.  < )g>loii  found  that  injections  of  *taphyi 
might  cause  similar  gangrene  of  the  skin  in  animals.  Koch  ii 
a  spreading  gangrene  in  rabbits  by  injections  of  a  little  |nitrid 
and  in  his  cases  tudy  xircfttoctjrci  developed.  In  two  eases  of  s|irrMlu>^ 
traumatic  gangrene,  in  which  subcutaneous  cniphysenka  waa  a  mafked 
feature.  Uosenbach  found  a  iMutltnj,  very  few  cocci  bring  present. 

Lastly,  the  above  etieci  may  give  rise  to  inJiatHmatum  Mioppimg 
suppurattou,  the  streptococcus  1>eing   associated   with  the  morr  ^ii^ 
varieties.     C'veci  are  fretjuently  associated  witJi   inflamniatioib 
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the  fauces,  even  without  the  presence  of  pus.  The  evidence  we  have 
of  the  infective  nature  of  papillary  and  ulcerative  endocarditis  is  given 
in  Chapter  xxvi. 

In  the  lurjje  majority  of  cases  in  whicli  pyogenic  cocci  are  intro- 
duced into  the  tissues  only  local  results  follow.  In  the  presence  of 
conditions  favourable  to  the  growth  of  the  organisms  they  tend  to 
spread.  With  especial  ease  they  are  carried  to  Ifjc  lymphatic  glands. 
There  they  become  arrested  and  give  rise  to  glandular  abscesses. 
Thence,  once  more,  their  progeny  and  their  products  are  distributed 
to  more  distant  parts — it  may  be  throughout  the  b<xly.  Shattock  has 
drawn  a  parallel  between  this  process  and  that  which  follows  *'  tuber- 
cular "  infection.  As  the  latter  is  called  "  tuberculosis,"  he  sviggests 
that  tile  process  we  are  now  considering  should  be  named  "  pyosLs." 

'ITie  circumstimces  under  which  these  ven"  different  results  follow 
are  unknown.  The  probable  factors  have  been  already  discussed 
(p.  :ml 

£rysipelaj|« — Micrococci  have  often  been  described  in  er}'si(>elatous 
skin,  es|>ccially  at  tlie  spreading  edge.  They  occupy  the  lymphatic 
channels  and  spread  along  them  :  hence  the  name— infective  capillary 
lymphangitis.  Orth  prt>duccd  ty]>ical  erysipelas  in  a  rabbit  by  sul>cu- 
taneous  injection  of  the  fluid  from  an  erysijielatous  bulla ;  with  a'dema- 
fluid  from  this  animal  he  successfully  inoculated  a  second:  the  fluid 
and  affected  skin  contained  cocci  in  large  numbers.  He  next  culti- 
vated the  fungusj  and  produced  er^'sipelas  by  injecting  it.  In  1881 
Fehlciseji  found  chains  of  cocci  constantly  present  in  pieces  of  skin 
excised  from  the  spreading  edge  of  an  er)'sipelas  rash.  The  cocci  filled 
the  ii/mpfudii's  of  the  xnjter/iciaf  jutti  of  the  cortum,  like  an  injection- 
mass,  and  occasionally  extended  to  the  subcutjineous  fatty  tissue,  but 
were  nnrr  found  in  the  blood-vessels.  Hound-celled  infiltration  and 
dilated  bloc»d-vessels  marked  their  presence ;  and  in  jwrts  where  the 
inrtannnatory  zone  had  disapiK'ared,  the  cocci  had  vanished  also.  The 
organisms  were  cultivated  upon  gelatine  through  fourteen  generations 
in  two  months:  eight  out  of  nine  rabbits,  subsequently  inoculated, 
suffered  from  the  disease ;  and  six  out  of  seven  inoculations  upon  man 
were  equally  successful.  The  incubation  was  fifteen  to  sixty  hours  ; 
then  followed  rigors,  fever,  ajid  typical  rash.  The  evidence  assigning 
u  causal  relationshij)  to  the  streptococcus  is  therefore  complete.  Im- 
munity, if  cx>Dferred  at  all,  did  not  last  two  months.  Three  per  cent, 
solution  of  carbolic  acid,  or  one  per  thousand  of  mercuric  chloride, 
sufficed  to  destroy  the  vitality  of  the  fungus. 
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Fehleisen  litatcd  that  the  strrfUiiCoci-un  frysiftrfatit  prvsvuivi\  distini 
though  shght,  cliHerences  from  the  streplociH*cus  pyugtiu'S.  and  tl«t  it 
ucver  caused  suppuratiun ;  if  abscess  occurred  witli  erysi|>elui  it  w. 
due  to  n  mixed  infection.  The  majority  of  recent  writcre  upon  th« 
question  have  failed  to  detect  either  morphologicnl  or  physiolo^caJ 
differences  ;  iuid  many  arc  therefore  inclined  to  think  that  ibc 
two  organisms  are  identical,  and  that  the  point  of  ituKrulatioo,  attrnn- 
Ation  of  the  virus,  and  similar  conditions,  must  determine  whether 
crysi|>e]as  or  diffuse  Nubciitancous  suppuration  shall  occor  in  any  ^ivcn 
case.  The  clinical  differences  iKHwccn  the  two  diseases  would  sceio 
to  warrant  hesitation  in  aeeeptin|r  this  view  until  it  has  l>een  prnvrd 
that  the  streptococcus  erysipclatis,  taken  from  a  case  of  undoubted 
er^'sipclas,  can  cause  diffuse  suppuration,  and,  on  the  i>ther  hand,  that 
tlie  streptococcus  pyogenes  from  ;in  acute  aliseess  can  jf*^'**  ^^^'  ^^ 
erysi|)elas.  No  case  of  erysipelas,  trom  inoculation  of  a  wound  with 
pus  containing  streptococci,  seems  to  have  been  recorded. 

Gonorrhoea. — Neisscr,  in  1878,  discovered  in  the  urethral  pu» 
a  Urge  n»icrtxr«xjcus  (gtmocwctu,  Fig.  124),  peculiar  to  this  disease. 
He  recognised  it  by  "  facets  "  or  flattenings  on  the  surfaces  in  contact, 
such  as  are  now  known  to  occur  in  other  rapidly  multiplying  cocci. 
It  is  distinguished  from  ordinary*  cocci  by  its  sixe  ;  by  tlie  constant 
interval,  about  equal  to  the  diameter  of  the  coccus,  between  the 
individmdsi  in  the  groups ;  and  by  the  frequency  of  its  occurrence  mpam 
and  in  the  pus-eclis.  Ncisser  considered  its  presence  a  means  of 
<liagnosing  gontirrho'al  from  otiier  discliarges.  It  was  suliscqumtiy 
shown  tliat  the  separation  of  the  cocci  is  ilue  to  sweILln|(  of  ibeir 
tules.  It  multiplies  by  fission  in  two  planes  alternately.  In  the 
stage  it  is  a  diplococcus,  each  coccus  having  a  bean-shaped  ouUfaic. 
In  the  next  stage  each  "bean"  subdivides,  and  a  tctracoccas  is 
fonned.  The  ntunber  of  cells  affected  is  always  relatively  smalt,  and 
varies  in  different  coses.  'Hie  ccjccus  is  cultivated  with  much  ditfirulty. 
Cultures  were  first  curried  out  successfully  by  lk>ekhardt.  ITiis  In- 
vestigatur  iiijeetcd  a  "  fourth  "  cultivation  into  the  urethra  of  a  geoemi 
paralytic,  »nd  pniluced  a  purulent  discharge.  The  man  died  of 
pneumonia  ten  days  later,  and  an  examination  of  the  urethra  led 
Bnckhardt  to  believe  Uiat  the  cocci  probably  |»a«i  through  the  epitlic- 
lium  into  the  Uiiipliatics  of  the  fossa  navicularis,  where  they  excite 
aeutc  inHammation.  They  enter  into  white  coqmscles,  and  eitltcr 
pass  with  them  into  blood-vessels,  where  they  die,  or  they  come  awsy 
in  the  pus. 
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>ince  then  Bumiu  has  succeetled  in  cultivating  the  gonococcus  upon 
solidified  blood-serum  ;  he  inoculated  a  second  and  a  twentieth  culture 
upon  the  female  urethra,  causing  typical  gonorrhoea  in  each  of  the  two 
cases.  The  proof  of  causation,  thus  placed  beyond  doubt,  was  difficult 
to  obtain,  as  no  animal  is  susceptible  to  the  disease. 

With  regard  to  complications — the  occurrence  of  suppurative  lymph- 
adenitis (bubo),  which  is  unusual  in  gonorrlicea,  is  said  to  l>e  due 
to  infection  of  the  gland  by  ordinary  pyogenic  organisms,  the  urethra 

these  cases  being  the  scat  of  a  mixed  infection.     The  gonococcus. 


Fic.  124. — Gonoeocfifrom  Urcthrai  Pus.  ITie  cocci  are  i»  Ihc  pus-crlts. 
There  arc  two  tetrads  and  iwo  siiikIc  cocci,  the  rest  arr  riiplo* 
cocci.     The  ihrcc  cells  bhowD  arc  all  of  the  mullinuclfaled  variPty, 

injected  into  subcutaneous  tissue,  does   not  cause   suppuration,  but 
disappears  in  twenty-four  to  thirty-six  hours. 

The  evidence  as  to  the  presence  of  the  gonococcus  in  joints,  which 

I      are  the  seats  of  gonorrhieal  artlmtis,  is  contradictory  :  perhaps  arthritis, 

^Hdso,  is  the  result  of  a  mixed  infection,  but  we  may  note  Uiat  it  is  quite 

^^Vnusual  for  gonorrhonal  joints  to  suppurate. 

r  '^'^c  gonococcus  is  incapable  of  multiplying  external  to  the  body, 
except  under  the  very  special  conditions  of  a  culture.  Its  resisting 
power  is  feeble  and  it  soon  perishes.  If  this  were  not  so,  considering 
the  great  frequency  of  the  disease,  infection  otherwise  tlian  by  contact 
would  almost  certainly  occur, 

Lmonia  (see  Chapter  xxxi.). — The  production  of  acute  piieu- 
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monia  has  been  uttributed  to  two  distmct  nrgiiiiisniH.  (1)  'I*hc  imt, 
known  as  FriedliinderS  jmeumococcus,  tliougb,  btrU-tly  speaking,  it  u  a 
ffiicrobacitriuntf  was  discovcrtrd  b_v  that  observer  in  1 8812.  I  Ic  fi^und  groat 
nuinben  of  Ihfbc  or^auisms  in  the  early  stages  of  juiciuuonia,  nut  only 
in  the  exudation,  but  also  in  the  lymphatics  of  the  lung  and  in  the 
fiuid  of  any  pleurisy  or  pericarditis  which  was  preMrnt.  Ill C6C  cocci  are 
oval  or  n^d-shnped;  they  are  cimtained  in  oval  or  ellipticnl  capsule* 
witli  rounded  ends.  Two,  four,  or  even  more,  cocci  may  l>e  found  (n 
these  capsules.  The  capsule  is  dissolved  by  alkalies  and  by  water;  tfl 
contracted  by  acetic  acid  (like  mucin) ;  is  present  only  in  the  lung ;  is 
bcarcely  or  not  at  all  devclo|>od  in  cultures;  and  is  best  btaiiicd  in 
covcr-glash  prc|wrntions  by  immersion  for  two  to  three  minute*  in  a 
solution  of  gentian  violet  in  auiliue  water,  followed  by  treatment  with 
alcohol  for  half  a  minute. 

Friedlander  subseipiently  stated  that  he  had  euUivateil  the  eoccits  in 
blood-serum  and  gelatinise<l  nitiat-infusion  and  on  [Kitato.  IntrxMiacrd 
by  nee<lle-puncture  into  the  two  former  sulistrutu,  the  gmwth  take*  the 
very  characteristic  fonii  of  a  round-headed  nail ;  on  the  latter  gnmnd 
it  forms  greyish  drops.  Diflubcd  in  distilled  water  and  injrcted  into 
the  lung  and  |>lcura  of  rabbits,  the  organisms  producetl  nc*  eirccl> ;  Init 
of  tJiirty-two  mice  Inoculated,  all  died  in  less  than  twenty-lour  hoan» 
The  lungs  were  very  red  and  almost  universally  solid,  and  Uic  spleen 
was  enlarged ;  both  organs  contained  the  characteristic  cocci,  whidl 
were  also  present  in  considerable  numbers  in  the  blood,  and  in  (rtmrmotts 
numbers  in  some  fluid  which  occupied  the  pleura.  Guinea-pig*  wirrc 
more  refractor)-  to  the  {wison,  and,  out  of  five  dogs,  only  one  suffcrrd. 

liaumgarten  is  stningly  of  opinion  thnt  this  |»arasite  lia»  no 
pneumonia-exciting  nrtion  in  man,  but  that  it  enters  the  pneumonic 
patch  from  the  up])er  air-tubes  or  phar^'nx,  and  multiplies  in  the 
inflamed  tissue.  For  it  seems  that  a|};)arently  identical  "capsule 
cocci "  are  not  unciMnmonly  to  l>r  met  with  in  pus,  in  ti»e  epitheliuni 
of  the  mouth,  in  sputum,  or  in  the  secretion  of  nasal  catarrh  in  other- 
wise healthy  men.  A  still  more  serious  objection  lies  in  the  ikct  that 
other  observers  have  not  been  able  to  demonstrate  this  organism  with 
the  ct)nstancy  of  which  Friedlander  s)wke.  The  sirvuf^rxt  objection, 
however,  seems  to  be  that  the  cocci  found  and  the  cocci  cuUivaled  arc 
not  identical ;  for  I'rirdhindcr  cNinsidewd  that  his  chwcus  retained  the 
aniline  stain  when  treatetl  with  Oram's  iodine  solution,  whereas  the 
coccus  whicli  he  cultivated  is  dec-olorisfd  by  this  In^atment.  The 
lifh   reumincd    sUiintd    lu  sections  of  pneumonic   lung    pre* 


n 

i 


i 


eocci 


THE  VEGETABLE  PAR.VSITI^S. 


355 


pjired  according  to  Gram's  method,  were  therefore  not  the  cocci  Fried- 

liuider  cultivated,  but  were  probably  tliose  subsequently  demonstrated 
y   A.  Frankcl  and  Weicliselbuuni,  to    llic   description  of  which  we 
w  pass. 

('i)  Fhinkel  and  Weichsclbaum  independently  demonstrated  the  pre- 
nce  in  pneumonic  lunjt^s  of  aiiuther 

organism — the  pneaxaococcus  or 

diplococctia  pneumoniae.     This 

consists  in  cultures  of  round  or  oval 

cells,  usually   in  ]>airs,  but  often  in 

chains  of  four  to  ten  or  even  twenty 
I^Bo  thirty.  These  longer  cliiiins  are 
^^■nuch  straighter  tlian  those  of  or- 
^^Unary  streptococci  (Wcicliselbaum). 

In  the  tissues,  the  microbes  often 

become    lancet-shaped^    and    their 

ix>inted  ends  may    be    towards   or 

away  from  each  other,  usually  the 
^^liittcr.  These  cocci  have  capsules 
^^nst  like  FriedUnder'Sj  and  they 
^^Uay    be    similarly     stained.      ^Vin/ 

rt'tain  (ht  ufiiline  stain  rvhett  ItfaU'd  b%f 

dratn's  mdhod.     Kruse  and  i^ansini 

insist  on  the  variability  of  fonn.  They 

describe  no  less  than  thirty  varieties. 

be  readily  cultivated  on  gelatine  at  70'  F.,  Fninkel'a  is  best  grown  on 

agar  at  a  temperature  of  95'  F.  to  9**'5'  F. ;  and  the  growth  is  scaiity 

and  not  iiail-shaped^  but  of  characteristic  "  dew-drop  "  form.     When 

the  organism  is  grown  on  gelatine  this  medium  is  not  liijuefied.     In 

many  of  iU  characters  it  thus  resembles  the  streptococcus  pyogenes. 

The   sul)stratum   must    be   kept   slightly  alkaline  or  growth   ceases. 

Even  when  transferred  daily  from  tube  to  tube  the  diplococcus  rapidly 

loses  its  virulence  and  assumes  the  streptococcus  form  :  to  preserve  or 

to    restore    its    pathogenic   |>ower,   an   (K*casional   inoculation    upon    a 

susceptible  animal  must  be  resorted  to.     Cultivation  for  one  to  two  days 

at  107^  F.  destroys  the  virulence;  it  is  weakened  by  longer  culture  at 

slightly  lower  temperatures. 

SttlKutanant^  injections  of  virus  of  J'uU  inttnxitjf  into  rabbits^  mice,  and 

guinea-pigs  cause   au  acute,  generally  fatal,  illness,  like   septicaemia, 
itii  characteristic  post-mortem  apjiearauces ;  but  there  is  no  sign  of 


Fig.  I  as- — DiptooKd  Pneum9ni^  en- 
tangled ill  the  tncshcs  of  the  fibrinous 
exudation.  From  a  section  of  lung  in 
the  red  hcpntisatton  stage  of  acute 
pneumonia.  In  the  tipper  part  of  the 
field  is  a  cell  containing  several  cccci  — 
pouibly  a  phagocyte,      x  looa 

Whereas  Friedlonder's  coccus  can 
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pneuinuuia.  Aii  ttilenualcd  culture  intrt>ducc<l  brucralh  the  skiu  doo 
sometimes  give  rise  to  pleurisy  or  pneumonU,  or  both  ;  uiA  tbCK 
results  are  usual  after  injcdiuH  of  such  a  culture  into  the  fungt.  Tbeti 
the  appearances  usually  very  closely  resemble  those  in  pneumaoa  and 
pleurisy  in  man^  and  the  exudation  contains  large  numbers  of  eocap- 
suled  cocci.     Pericarditis  also  may  ensue. 

The  iitocuUtion  either  of  filtered  cultures  of  the  organism*  or  of  ibc 
im  of  animals  vaccinated  with  tlieni,  is,  in  cacJi  case,  said  to  cttctfcr 
tem|H)rury  iinnniiiity.  I ssaelf  asserts  that  the  cocci  thnvr  in  cultam 
treated  with  tlic  "immunised  scrum" — a  result  altogether  contrary 
to  that  obtained  under  similar  conditions  in  tetanus  (p.  S44),  Spatnm 
before  the  "crisis"  is  virulent;  but  sputum  after  the  "criBl»*'  U  «kl 
to  confer  innnunity. 

Buumgarten  believes  that  this  coccus  may  be  regarded  as  iumtim^ 
present,  for,  though  Weichselbaum  found  it  in  only  ninety-two  per 
cent  of  a  large  number  of  cases,  his  method  of  examination  rrndrrrd 
it  possible  to  miss  the  coccus ;  and  if  it  really  wa»i  absent  in  any  r^akct, 
it  might  have  been  dead  at  the  time  the  cases  were  e^iaiuiued  ;  for,  as 
in  cultures,  so  probably  in  the  body,  the  diplococcus  pneunjouur  hn 
but  a  short  life.  These  cocci  occur  in  sufficient  numbers  to  accooDt 
for  the  symptoms. 

Besides  being  present  in  pneumonic  lung^  it  is  occasionally  fmitul 
in  the  blood  (sparingly)  and  spleen,  ajid  in  inHammationa  aiiainf 
independently,  or  during  the  course  of,  pneumonia — pleurisy,  cmp^rcflMt 
meningitis,  endfH-arditis,  peritonitis,  and  otitis  media.  But  it  appran 
to  be  an  occanotmi  denizen  of  the  mouth,  also  occurring  in  tKe  aaUva 
mud  in  the  middle  ear  of  healthy  people.  This  suggests  that  it  U  only 
an  accidental  pant&ite  in  pneumonia.  Against  this  view  the  follomlfig 
points  seem  to  tell :  Wa  inconstancy  in  the  mouth  ;  Its  ctmstant 
rence  in  pneumonic  lung,  sometimes  as  the  mh  deTHorurirahie 
its  distribution,  not  uniform  in  the  inflamed  area,  but  chiefly  at  the 
spreading  edge  and  in  the  surrounding  cedenuL  INicumonia  doc« 
follow  inoculation  unless  the  parasite  is  loca]i^ed  in  the  lung.  SalrkiM 
■ays  that  he  ^lucceeded  in  inducing  lobar  pneumonia  in  guilira-pij^fr  hf 
intra-trncheal  injection  of  pneumonic  exudation  containing  thc*c  coed; 
but  Futiclki  failed  with  rabbits.  Further  exiK-riments  of  this  Viiid  ■>* 
required,  for  there  is  every  reason  to  t>elieve  thai  in  man  infretioB 
occurs  through  the  lung,  tiiongh  in  some  cases  the  disease  in  thfe 
organ  may  l>c  seeundary,  or  at  any  rate  merely  one  of  several 
ehujiges. 
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When  pneumonin  runs  on  to  suppuration  and  ganprf^n^*  these  com- 
lications  are  possibly  due  to  u  secondnrj'  infection  hy  the  sta]iliyl<v 
>cens  pyogenes  aureus  or  streptococcus  pyogenes ;  though  pyogenic 
effects  hnve  been  attributed  to  tlic  unaided  pneumococcus. 

H^icrococci  Imve  been  described  in  Mrrufcs,  Vaccinia.  Variota,  epi- 
demic Cercfu-ii-spinal  Meningitis,  Ttfphu.s  Frt'cr,  Acitte  Yellotv  Jtrvphi/  of 
LitTT  (early  stage),  IVhooping-cvugh,  Dystfifvryt  Fat  Xtcro^ijt,  and 
lany  other  dise^ises,  but  the  evidence  in  favour  of  their  causal 
^hitionship  to  the  respective  diseases  is  not  sufficient  to  justify*  a 
Icscription  of  them  here. 
A  micrococcus  which  divides  in  three  diameters,  at  right  angles  to 
rh  other — Sarcina — is  often  found  in  vomit  from  stomachs  dilated 
Trom  pyloric  obstruction  and  in  cases  of  dyspepsia  from  chronic  catarrh 
{Sarcina  vcntriatti) ;  in  the  bronchi  and  deeper  parts  of  the  lungs  in 
])hthisis  (Snrciita  pu f man um)  nnd  in  the  urine  {Sarcina  yrtjup) :  it  has 
been  seen  also  in  abscesses  and  in  blood.  Single  cocci  may  be  seen, 
but  the  majority  fonn  cubical  groups  of  four^  or  some  multiple  of  four 
(Fig.  121).  S.  ventriculi  (2\")  /i)  is  larger  than  S.  urinaf,  or  than  the 
fungus  of  this  shape  occurring  in  the  lungs  (I  fi  to  1*5  fi).  Sarcina? 
may  occur  in  the  stomach  without  appearing  in  the  urine  or  elsewhere. 
It  is  extremely  diflieult  to  get  rid  of  the  fungus  when  it  is  once 
established.  Tlie  nature  of  the  decomposition  to  which  it  gives  rise  is 
unknown. 


MICROBACTERIA. — This  group  contains  no  organism  patho- 
genic in  roan. 


^^oni 


DESMOBACTERIA. — The  members  of  this  group  are  slender 

ds,  of  whioli  the  lrii;;th  is  generally  much  more  than  twice  the 
adth.  They  multiply  by  transverse  division^  and  often  grow  into 
ong,  jointed,  but  unbranched  filaments,  without  constrictions  at  the 
joints.  Fonnntion  of  spores  has  been  detected  in  some  species.  All 
the  pathogenic  organisms  in  this  group  are  straight :  they  are  known 
as  bacilli. 

The  Bacilli  of  Tabercle,  Leprosy,  Syphilis,  Glanders,  and 
Rhinoscleroma  are  described  in  the  chapter  on  the  "  Infective 
riranulom.Ma." 

Splenic  Fever. — The  B.  anthracist  found  in  this  diseascj  is  the  best 
known  of  all  the  parasitic  fungi.  Its  life-history  was  worked  out  by 
Koch.     In  blood  from  the  spleen  of  animals,  dead  of  splenic  fever. 
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are  found  cnnmioiis  nunilicrs  of  rods,  .5-20  fi  lonjf  hv  nlwut  I  pi  lynmd. 
They  have  slightly  concave  ends,  arc  strnipht  and  molionlrv*  (rig.  12!, 
p.  .M47).      In  a  suiUUle  culture-material,  such  as  the  bUn^d  uf  Ihc  dead 
animal^  with  a  plentiful  supply  of  oxygen^  and  a  temperature  between 
fiO'  and  107  '  F.  (77  '  to  87^  F.  being  most  favourable),  the  nxlii  fpnw  into 
very  long  interlacing  filaments  often  grouped  into  convoluted  bandlfli 
(sec  Frontispiece).     In  these  filaments,  round,  highly  refracting  C|)ort« 
form  at  short  and  regular  distances ;  the  bacilli  now  break  up,  and  the 
spores  are  set  free.      I'nder  favourable  eircunistajices  these  gmw  into 
bacilli.     In  living  animals,  long  filaments  and  spores  are  never  found,  the 
rods  multiplying  solely  by  division.    The  rods  exist  in  enormous  numbcrt 
in  the  capillaries,  especially  those  of  the  spleen,  limgs,  liver,  kidney*, 
and  mucous  membrane  of  the  intestine  (Fig.  117,  p.  ^2,S).     Numben 
leave  the  body  in  the  urine,  fieces,  and  biwxl  flowing  from  the  now 
and  mouth  of  the  animal  before  it  dies ;  thus  the  ground  in  its  neigh- 
bourbood  is  covered  with  the  fungi.      In  bodies  buried  at  the  depth  of 
one  metre,  where  there  is  neither  oxygen  nor  a  suitable  temperature. 
no  development  of  spores  occurs,  and  the  bacilli  soon  die.     As  to  the 
mode   of   infection — Pasteur   says   that  the   mouths  of  animals  ue 
wounded  by  silicoous  grasses,  and  believes  that  the  cuts  Uius  made  are 
inoculated   with   bacilli    or  spores.      Hiis    view   is   supported   by   the 
frequent   swelling  of  the  cervical   glands  in  sheep;  but    both    the«c 
onimaU  and  man  are  frequently  infected  by  insects  which  liitc  thetnoo 
the  face.     Koch  thinks  the  intestine  is  the  commonest  scat  of  infec- 
tion.    Klein,  however,  records  a  case  in  which  one  mouse  ate  inoat  of 
another  that  had  died  of  splenic  fever,   without  any   ill   rcsnita.     la 
warm,  marshy  districts  the  bacilli  form  Hpores  plentifully :  tliesc  aft 
can-ied  by  floods  to  meadows  where  anthrax  may  not  have  pmiowly 
occurred. 

In  man,  malignant  pustule  is  due  to  )ni>culntion  with  the  R 
anthrac*is :  and  generally,  in  this  country,  from  wool  or  hides  ItroQglit 
from  countries  where  the  disease  in  endemic.  Some  time  mdrr  the 
appearance  of  the  pustule,  general  symptoms  apj>car,  bronchiti*  ar 
diarrhu'a  In-ing  common.  Dancs-Colley  found  numerous  iMcilli  lo 
serum  pressed  from  an  excised  pustule,  and  in  the  sputum, 
fr'ces,  and  sweat.  The  jmtient  recovered ;  but  though  free 
symptoms,  he  was  still  eliminating  in  his  urine  a  few  bacilli  a 
after  excision  of  the  pustule.  In  some  eases  there  is  no  supcHiebl 
lesion,  and  the  symptoms  may  l>c  those  of  acute  septic  poixonini^,  or  he 
chiefly  pulmonarj'  or  intestinal  (\VoolsorteT'B  Disease).     Perhaps  thr 
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domtnant  symptoms  indicnte  the  mucous  membrnne  through  which 
infection  has  taken  place  (p.  :i\6).  The  products  of  the  anthnix  ba- 
cillim  are  shown  in  the  table  on  p.  .S2I.  Other  facts  reganliug  the 
B.  anthmcis  are  ^ven  in  the  earlier  part  of  the  present  chapter. 

B.  anthracis  is  constantly  present  in  splenic  fever,  and  nltimnlely  in 
enormous  numbers.  The  bIoo<l  of  a  fcctus,  in  an  animal  with  splenic 
fever,  contains  no  organisms^  and  does  not  produce  the  disease ;  whilst 
blood,  containing  spores  or  bacilli  capable  of  development,  always  does 
so  in  suitable  animals.  The  bacilli  may  l>e  separated  by  filtration, 
washed  with  distilled  water,  alcohol,  ether,  and  then  dried;  but,  not- 
withstanding all  this,  they  can  still  cause  splenic  fever.  Pure 
cidtivations  may  l>e  made  through  fifty  generations,  with  the  same 
result.  They  never  give  rise  to  any  other  disease.  If  this  is  not  proof 
that  B.  antliracis  is  the  cause  of  splenic  fever,  the  belief  that  itch  is 
due  to  the  aearus  scabiei,  or  that  trichinosis  is  due  to  trichina^  must 
also  be  reganled  as  ill-founded. 

By  cultivating  R.  anthracis  for  twenty  days  at  107^  to  109"  F-*  and 
usmg  the  vaccine  for  repeated  inoculations  upon  sheep  and  cattle, 
astenr  rendered  these  immune  to  the  spontaneous  disease  and  to  the 
action  of  the  virulent  virus.  After  much  controversy,  the  ])ossibility  of 
this  "attenuation  "  has  been  fully  established  ;  there  is,  however,  still 
some  doubt  as  to  the  value  of  vaccination  against  splenic  fever;  Koch, 
or  instance,  maintaining  that  to  be  of  any  use,  the  vaccine  must  be  so 
ng  that  some  animals,  and  perhaps  very  many,  will  die  of  the 
disease  induced.  The  attenuation  of  anthrax  bacilli  has  been  brought 
al>out  in  other  ways — by  cultivation  in  air  under  a  pressure  of  eight 
tmospheres,  by  the  addition  of  small  quantities  of  antiseptics  to  the 
substratum,  or  by  the  passage  of  the  organisms  through  the  bodies 
of  certain  animals.  Klein  failed  with  Pa.steur's  vaccine  to  protect 
dents  :  they  scenie<l  to  have  no  immunity ;  if  the  vaccine  acted  at 
1,  it  caused  splenic  fever. 

The  attenuation  is  not  accompanied  by  any  moqihologicat  change ; 
the  vims  '*  breeds  true,"  and  its  virulence  may  be  restored  at  any 
time. 

Typhoid  Fever. — Klebs,  Eberth,  Koch,  and  Meyer  were  the  first 
to  describe  organisms  in  this  disease.  These  organisms  were  figured  as 
small  bacilli  with  rouiuled  ends.  They  were  found  in  the  intestinal 
lesions,  mesenteric  glands,  and  spleen.  They  were  most  numerous  and 
therefore  easiest  to  find  during  the  first  and  second  weeks  of  the 
isease.     Tliey  stained  Imdiy  with  aniline  dyes,  and  for  a  time  these 
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observers  worked  with  unstained  speeimens  clarified  by  au  alkali 
Ebcrth  was  thus  able  to  discover  tlie  bacilli  in  eighteen  out  of  forty 
cnses.  Koch  succeeded  iii  staining  the  organismfi  with  Binnarck 
brt>wn,  and  demonstrated  their  presence  in  half  the  cases  examined  br 
him. 

All  these  observers  made  control-observations  on  other  caftes^  uicfa 
as  tu1>erculiir  ulceration  of  the  intestine ;  but  they  never  fimiad  the 
typhoid  bjicillus  in  diseases  other  than  typhoid  fever.  Thry  some- 
times  found  cocci  in  the  intestine  and  glands,  but  reganled  thrae  an 
Bceondafy. 

A  very  important  paper  by  GafTky  appeared  iu  1881,  He  »»tart«?d 
with  the  observation  that  the  bacilli  had  been  found  in  only  half  the 
cases  examined.  They  must  therefore  have  either  disajipeared  bc&fv 
the  disease,  which  they  caused,  had  run  its  course,  or  else  thry  wrrr 
present,  but  not  found.  The  latter  alternative  seemed  probable,  as 
they  had  been  demonstrated  in  late  stages  in  some  cases,  and  mtaacd 
at  early  stages  in  others.  He  pointed  out  that  in  typhoid  fever  ibc 
bacilli  are  not  scattered  ever^'M'hcre,  but  arc  always  in  foci,  and  there^ 
fore  more  difficult  to  find. 

Gafl*ky  himself  investigated  twenty-eight  cases,  and.  in  twenty-aix, 
demonstrated  the  presence  of  bacilli  in  |Mrts  other  than  the  intestine 
— such  as  the  mesenteric  glands,  spleen,  liver  or  kidney.  Iu  one  of 
the  oilier  two  cases,  the  bacilli  were  found  in  a  recently  swoltca, 
solitary  follicle  ;  and  in  the  second,  the  intestines  showed  only  hcallOK 
ulcers. 

In  one  case,  M'hieh  GafTky  does  not  include  in  his  list,  although  It 
had  tx'-en  diagnosed  as  typhoid  fever,  both  during  life  and  at  the  pott* 
mortem  examination,  immense  numbers  of  cocci  were  found  In  the 
organs,  and  it  was  impossible  to  distinguish  the  typhoid  ImcilH.  Cmffky 
throws  out  the  suggestion  that  there  may  be  a  disease  cUnicmlly  like 
typhoid  fever  due  to  invasion  of  the  intestine  by  cocci. 

The  earlier  the  case,  the  more  numerous  are  the  iMcilli.  If  nftaay 
are  found  in  old  cases,  it  is  probable  that  a  relapse  has  occurred. 

Since  that  time  umny  other  observations  have  t>ecn  published.  Tlie 
following  is  a  summary  of  the  results  arrived  at.  The  tuicilli  caiw 
with  some  diificulty,  be  found  during  life  in  the  fueees,  spleen  (ubtaineil 
by  puncture),  and  urine.  After  death,  if  the  parts  arc  remored  witli- 
out  any  delay,  the  organisms  can  be  easily  discovered  in  the  intcttioeit 
spleen,  liver,  mesenteric  glands,  and  kidneys.  They  occur  in  fgroafK 
but  do  not  give  rise  to  "  tubercles."     Their   presence  can  be 
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waclily  ascertained  by  Jnorulnting  a  culture-groiiml  with  a  piece  of 
the  suspected  organ,  than  by  examining  stJiined  sections  under  tlie 
microscope.  They  stain  slowly  and  part  with  the  colour  easily.  The 
best  stains  are  probably  L<je(fler's  methylene  blue  (p.  364),  and  Ziehrs 
fuclisine  stain  (p.  3S\).  The  bacilli  do  not  retaui  the  colour  when 
treated  by  Gram's  method  (p.  .^SO). 

In  apj>earanee  typhoid  bacilli  are  not  unlike  tubercle  bacilli.  Their 
breadth  is  about  a  third  of  their  length,  which  varies  between  2  fi  and 
3/4,  Thus,  tiiey  are  a  trifle  thicker  than  tubercle  bacilli,  while  their 
ends  are  distinctly  rounded.  Clear  spaces  often  occupy  the  centre  of 
the  rods.  There  is  some  doubt  as  to  the  existence  of  spores.  Those 
who  believe  in  their  existence  describe  them  as  rounded  bodies, 
reaching  right  across  the  breadth  of  the  rods,  and  lying  at  their  ends. 
The  chief  microscopic  features  which  distinguish  typhoid  from  tubercle 
bacilli  are  the  possession  of  flagellu,  the  ]K)wer  i»f  active  movement, 
and  some  of  the  staining  reactions.  A  typhoid  bacillus,  when  stained 
by  Livffler's  method,  appears  enveloped  by  a  thick  capsule.  In  in- 
timate connection  with  tlus  capsule,  apparently  composed  of  the  same 
substance,  and  distributed  over  its  whole  surface,  are  the  flagella, 
eiglit  to  twelve  in  number,  varying  much  in  length  and  thicknes.s. 
Sometimes  they  are  considerably  longer  than  the  parasite  itself.  Some 
of  the  bacilli  are  said  to  have  onl}'  a  single  flagcUum  at  one  end. 

Cultures  can  be  readily  obtained.  The  organism  thrives  in  milk, 
d  can  even  multiply  for  a  time  in  sterilised  drinking-water — points 
of  practical  importance.  It  does  not  liquefy  peptonised  gelatine,  but 
produces  in  it  roundish,  slightly  granular,  yellow-brown  colonies.  It 
is  mainly  aerobic.  Potato-cultures  of  this  bacillus  are  almost  invisible  : 
this  fact  is  utilised  in  the  recognition  of  this  organism,  llms,  if  a 
fi-csh  potato-culture  be  incubated  for  forty-eight  hours,  no  lisiUe  change 
occurs ;  but  if  surface-scrapings  be  then  taken,  stained,  and  examined, 
threads  of  the  b.'icilli  will  be  easily  found.  Other  methods,  none  of 
which  are  absolutely  characteristic,  have  been  devised  to  meet  the 
same  difficulty.  Singly,  each  is  of  little  value;  taken  together,  they 
are  practically  sufficient  for  the  purpose  of  identification.  Thus  acid- 
products,  but  no  indole  are  formed  in  bouillon-cultures,  while  most 
bacilli,  occurring  under  the  same  conditions,  form  indol.  Another 
suggested  test  depends  on  the  tendency  which  this  organism  possesses 
of  abaorfiing  tfte  colour,  when  cultivated  on  a  gelatine  medium  stained 
th  gentian-violet,  thus  leaving  the  gelatine  colourless.  Still  another 
founded  on  a  slight  indifference  which  some  organisms  show  to  the 
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Action  of  parlx»lio  nt'id.     'ETiiis,  if  u  inimite  (]uantily  of  rartwlic 

(S'-'i  per  1000)  hv  ndiled  to  u  ciiltiin-  of  mixed  orgnnisms,  Ihr 

of  most  will   be  arrestedi  but   thai  of  ttf^thmd  and  u  few  olhen  nZT 

cntdinue. 

According  to  Sternberg,  ten  minutes*  exposure  to  moist  beat  al 
14(J'  F.  destroys  typhoid  bAcilH  :  others  give  boiling  point  as  the  fatal 
limit*  fuid  8l«le  that  *' six>res"  will  survive  a  temperature  of  IJM'  F. 
Brieger  haN  nepnrated  from  cultures  some  fatty  acids,  and  a  poboDMa 
IvLsic  substance  M'hich  he  names  **  typhotoxin." 

Inneulntion  has  hitherto  been  only  partially  successful.  It  U  doubt- 
ful if  any  animal  is  susceptible  to  typhoid  fever  as  we  know  it  in  mia. 
Rabbits,  dogs  and  mice  have  been  inoculated^  and  have  died  in  tlilrty- 
six  hours  with  symptoms  of  general  septicsemia:  but  though  rnUxgrd 
spleens  and  swollen  Feyer's  patches  have  l>ecn  very  generally  factid,  ibe 
disease  never  nms  a  longer  course,  nor  is  there  ever  any  chamcteriiEtir 
ulceration.  Furthermore,  almost  precisely  similar  residtt  have  been 
obtained  by  injecting  either  the  fdtered  pniducts  of  the  orgnninn  or 
the  typhotoxin  itself.  In  spite  of  this  gj»p  in  the  cluun  of  evidence, 
all  the  observers  quoted  believe  that  this  bacillus  is  the  eauiae  of 
typhoid ;  and  w-e  may,  at  any  rate,  aftirm  that  it  Is  constantly 
In  typhoid,  is  recognisiiblc  from  all  known  liacilli  by  the 
characteristtcs  given  above,  and  is  not  found  in  any  ntht-r  dlacatc. 
(iafTky  believes  that  infection  always  occurs  through  the  ravtenei 
membrane  of  the  intestine  :  even  when  the  poison  seems  to  have  been 
inhaled  as  dust,  he  thinks  it  is  caught  on  the  mucous  memtimnr  of  thp 
pharynx,  swallowed,  carried  through  the  stomach,  and  thus  br 
into  ccmtact  with  the  Ixiwel. 

BaciUos  coli  commnwls  (Bacterium  cdH  connnunc). — 1 
iKioilliis  is  a  couinion  dcni/en  nf  the  alimentary  tract,  «nd  r4| 
of  the  nrighbourhoo<l  of  the  ca*cum.  It  fs  also  found  in  the  nu«lk, 
and  occasionally  in  other  parts.  It  very  rarely  occurs  alone.  In  mv, 
in  shape,  in  the  possession  of  fiagellaj  and  in  staining  reartiornn,  tint 
organism  very  closely  resembles  that  of  typhoid  fever.  Acoordin^  t« 
some  ol>serven»»  the  B.  coli  communis  has  fewer  flagrlU,  but  thla  «■(► 
pused  |>eculiarity  is  certainly  not  constant  There  ia  a  tendency  fat 
liacilli  to  occur  in  pairs,  and  M'hen  cultivated,  in  short  threads. 
organism  pn>lmbly  does  not  form  sjwres.  It  is  maiidy  aentbie* 
seems  to  Imve  a  slight  power  of  active  movement.  Like  the  typhif 
bacillus,  it  grows  k>cst  in  acid  media.  It  is  easily  cultivated,  but 
results  arc  not  suHieiently  distinctive  to  be  of  much  diagnoatic 
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gelatine  tube-cultures  it  asftumcs  the  form  of  an  irregularly  en- 
crusted stiek,  witli  small  outgrowths  here  and  Uiere,  but  without 
tapering  in  either  direction. 

There  can  be  no  douht,  on  the  one  hand^  that  this  organi;mi  exists 
in  perfectly  healthy  intestine  ;  nor  any  doubt,  on  the  other,  that  in 
many  diseased  conditions,  it  is  by  far  the  most  prexTilent  of  the 
orgaiUKms  present,  and  occasionally,  perhaps,  the  only  one  that  can  be 
found.  Hence  it  seems  probable  eitlier  that  other  bacilli  are,  at 
present,  confounded  with  this  one,  or  tliat  this  is  subject  to  very  great 
variations  in  virulence.  There  is  a  very  general  belief  that,  at  any 
rate,  the  latter  altomntive  is  true,  though  the  cause  of  this  variation 
is  ijuite  unknown.  In  some  states  the  organism  seems  able  to  produce 
ft  condition  similar  to  septiewniia ;  in  others,  only  to  give  rise  to  local 
irritation  and  suppuration.  Macaigne  is  of  opinion  that  this  organism 
is  the  chief  causative  agent  in  the  following  comprehensive  group  of 
nditions.  The  evidence  on  which  he  bases  this  opinion  will  be 
nd  in  his  very  interesting  monograph."  In  no  case  does  the  evidence 
Amount  to  absolute  proof. 

OVwrrrt/  tlircasfs.—Cholera  nostras,  cholera  infantum,  certain  obscure 
fective  febrile  disorders,  and  chronic  enteritis  with  marked  wasting. 
lAK-al  dheascx. — Dysentery,  ulceration  of  the  vermiform  appendix, 
lephlebitis,  abscess  in  the  liver  or  gall  bladder,  and  peritonitis. 
It  has  been  suggested  that  the  bacillus  coli  communis  and  the 
phoid  bacillus  are  identical.  Besides  the  points  of  similarity  already 
mentioned,  it  is  found  that  when  injected  into  the  veins  of  rabbits 
and  guinea-pigSj  it  pro<hices  a  fatal  disease  identical  with  that  already 
described  as  occurring  when  cultures  of  the  typhoid  bacUlus  are 
similarly  introduced. 

I>iphtheria.^In  1883  Klebs  drew  attention  to  a  bacillus  which  he 
d  found  constantly  present  in  diphtheritic  membrane.  In  the 
following  year,  La'fflcr  published  a  full  account  of  its  morphology  and 
cultivation,  together  with  results  obtained  by  inoculation.  Since  that 
time,  many  workers  have  traversed  the  same  ground,  and  the  main 
facts  conccniing  the  organism  have  thus  been  fully  proved. 

The  iNicillus  is  to  be  fouuii  in  all  eases  both  of  diphtheria  and  of 
membranous  croup.  It  is  limited  to  the  false  membrane  and  its 
neighbourliood,  and  grows  most  abundantly  in  the  more  superflcial 
parts  of  the  membrane.  It  is  never  found  in  any  internal  organ, 
though  its  presence  in  the  membrane  can  be  made  out  during  all 
•  "  Le  Baclcrium  Coli  Conununc,"  Paris,  1S93. 
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stages  of  the   clUcase ;  while   the  examinntion   of  iit'rapings   fnNn   tlir 
mucous  surface  of  the  mouth   shows   that   it  may  continue   lo  lire  a 
precarious  existence  for  three  weeks  after  the  fever  has  diupprared. 
It  is  not  found  in  any  other  disease — at  least  such  is  the  conctuiiHm  nf 
the  vast   mnjority    of  competent    obseners.      Bacilli    having   a    eU»e     j 
inorphoU>|(ical  resemblance,  to   it  seem  to  be  occasionally  pre«mt  iqfl 
the  mouths  of  healthy  individuals,  as  well  as  organisms  givinf^  even  the" 
s;mie  culture-results  as  the  diphtheria  bacillus,  but  not  possessing  Wiy 
pathogenic  |Kiwer.     These   may  l>e  attenuated   fonns  of  the  origioal 
bacillus.     Hncilli  taken  from  diphtheritic  membrane  can   be  cvltivmtr4  m 
through  many  generations,  and  after  an  inter\'al  of  some  mnnthx  areS 
still  capftl)lr.  when  inoculated,  of  giving  rise  In  the  original  clt*cttsr— 
not  niert'lv  the  local  inHamniation  and  lucmbrauc,  but  jd<i(i  the  %.ub%«>' 
<)uent  paralysis. 

The  diphtheria  bacillus  is  generally  rather  shorter  oiui  llnckrr  U\*n 
the  tut)ercle  bacdlus.      It  is  usually  frtmi  I  -.'i  ^  to  'i.^  fi  long,  aiid  aliimt 

«  tliird  as  broad.     Some  observers  have  acrreflrtcd 

it  with   a  length  of  (i  ft   to  8  fi,   but    they  have 
prolwbly  included  more  than  one  individual  in 
their    measurement.      Its    shajK-    is    not    alvayi 
regular:    sometimes  the  ends  arc  thicker  than 
the  centre,  and  sometimes  the  centre  than  the 
endd.     The  latter  are  rounded.     Tlie  bacilli  not 
infrequently   contain    a    row    of    two    or    thire 
Yin.   iw6.  ~ liait/Imi    of    highly  refracting  areas,  the  nature  »f  which  b 
Hif*'^'^    (l-trflWf.)    unt„„^„.      i„  all  probability  they  are  moi  spora. 
(f>ofB  a  spectrum  by  ■     ,     ..  .  i   .    .      «       1^ 

Dr.  Arklc.)  ^^^  organism  is  l>elieved  to  multiply  by  finka 

only.      It  never  forms  long  threads  :  it  i% 
leaa.      Ixcffler's  alkaline  methylene  blue  solution*  gives  ih^^  lw-«i 
ing  results,  but  Gram's  method  can  also  l>e  employed. 

The  organism  can  l>c  cultivated  in  many  nicdi.^.     It  doc^  nci  i 
gelatine.     It  grows  well  in  milk;  but  the  most   frequmlU    cmp 
culture-ground  is   Lirffler's  semm.t     A  minute  portion  of  membnikr, 
transferre<l  to   this,  will  dcvrlop,  in  the  course  of  twenty-fo4ir  hoonv 
small    grey    elevated    discs   with   pale   eircumference&.      In  sccoodafy 
cultures  these  show  a  tendency  to   become  amlng«^d  in    lines   ( 
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*  5vklunu«l  alcoholic  solution  of  in?ltiyl<^nr  blue.  j{o  c.c  :  solution  of  cawilc 
1  :  io,ooo,  loo  c.c.     l^oflW't  method  of  iulnkn£  fljifell*  it  allocethct  tfUfemt 

t  TVptone.  tr>;    gnipc  sags-r,  i-o;    chloride  of  todhim,  *5;   ftculra]  pililiriliill 
broUi,  ICO  o  ;  blood  wrum,  jouxi. 
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»ntisi>iece).  Growth  can  take  place  at  any  temperature  between 
To'  F,  and  108*  F.  but  is  most  luxuriant  when  it  remains  between  92** 
anil  99*  F.  Moist  heat  of  140"  F.  is  fatal  to  its  life.  A  free  supply 
of  oxygen  encourages  but  is  not  essential  to  its  growth.  'I'here  is  no 
difficulty  in  maintaining  the  virulence  of  the  organism  during  cultiva- 
tion ;  but  if  a  culture  be  left  undisturbed  for  some  months  its  virulence 
diminishes^  and  this  result  fullows  much  more  rapidly  if  it  be  allowed 
to  become  acid.  In  either  case  replantation  into  a  fresh  culture-ground 
rapidly  restores  the  virulence.  The  organism  resists  drying  to  a  much 
greater  extent  than  is  usual  in  non-spore-bearing  bacilli.  If  a  specimen 
be  dried  and  kept  dry  for  six  months,  it  will  grow  as  Mx>n  as  it  is 


^m,  laj.—  Baciiltts  of  Diphtheria.     Colony  on  agar  twcnty-foiu  hours 
after  inoculation,      x  loa     (After  FrjiDkel.) 


placed  under  favourable  conditions.  I'his  point  is  of  great  practical 
im]x>rtance,  and  emphasizes  the  ueeessity  for  thorough  disinfection. 

In  1890,  by  means  of  filtration  through  porcelain,  and  subsequent 
precipitation  with  absolute  alcohol,  Koux  and  Yersin  succeeded  in 
isolating,  from  cultures  of  the  organism,  a  poison,  which  if  injected 
into  animals  in  large  doses  caused  prostration  and  death,  but  if  in 
small  doses  only  paralysis  and  albuminuria  (in  rabbits  on  tlic  fifth  dwy). 
In  no  case  was  any  membrane  formed.  It  was  also  noted  that  the 
addition  of  acid  to  the  poison  rendered  it  harmless.     They  beUeved 

is  |Kiison  to  be  an  "  unformed  ferment." 

Two  years  later,  by  very  similar  procedures,  Sidney  Martin  separated 
lentical  series  of  substances  (I)  from  the  tissues  of  persons  dead  of 
tiphtheria ;  and  (a)  from  cultures  of  the  organism  on   media  closely 
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rGsembling  those  of  the  tissues  (p.  3iO).  This  scriea  consisted  of  hctervK 
albumose,  proto-albumose,  dentero-albmnose,  atul  uti  orgaiiii:  ackL 
Of  these,  the  first  was  only  to  be  obtained  from  the  iiiL-nibmne,  uiil  thr 
last  from  the  tissues;  theproto-  and  deutero-albumoses  were  procntia 
botii  membrane  and  tissues.  Martin  showed  that  the  factory  of  tbr 
aibumoses  was  the  tissues  and  especially  the  spleen  ;  and  th«t  but  litllc 
was  formed  at  the  site  of  the  membrane.  He  reganJed  all  the 
products  as  the  result  of  a  ferment  produced  at  the  seat  of  ttic  locsl 
disease,  and  thence  entering  the  circulation.  He  showed  that  the 
paralytic  effects  were  due  to  the  action  of  the  aibumoses  on  the 
peripheral  nerves,  which  caused  breaking  up  of  the  myelin  sheath^  atid 
more  or  less  thinning  and  even  disappearance  of  the  uxis-cyUiMlcr; 
fatty  degeneration  of  the  heart  and  voluntar}'  muscles  were  abp 
found  (p.  320). 

From  the  foregoing  account  it  will  be  seen  that  the  requirements  of 
the  organism  as  regards  air,  temperature,  and  moisture  are  admirably 
provided  for  tu  tlie  mouth  and  upper  air-{>asi>ages.  Moreover  they  arc 
supplemented  by  the  eo-operutiun  of  various  cocci,  eapcciaJly  tbe 
pyogenic  varieties,  which  arc  always  ready  to  tiaitd.  The  spmul  q( 
the  membrane  inwards  is  probably  due  partly  to  tlie  more  suitable  tcm- 
|>erature  and  j>artly  to  tlie  force  of  inspiration. 

Another  step  in  advance  was  made  iu  the  same  year  (1^*9^)  by 
behring,  who  drew  attention  to  the  acquired  immunity  which  ctiuki 
be  obtained  against  these  diphtheria  bacilli.  He  described  four  wayt 
by  which  animals  could  be  rendered  immune.  He  injected  (l)cultafc» 
of  the  bacillus  attenuated  by  heat;  (2)  cultures  attenuated  by  the 
addition  of  trichloride  of  iodine  ;  {S)  the  pleural  exudation  of  nnima1» 
dead  of  ex}>crimcntal  diphtheria;  or  (!•)  a  dose  of  virulent  diphtbcria 
bacilli,  followed  by  one  of  trichloride  of  iodine.  He  next  showed  tiiat 
the  addition  of  some  serum,  from  an  onimul  tlius  immuni«cdf  to  jb 
ordinary  culture  of  the  organism  not  only  killed  the  bacilli  bat 
neutralised  the  |)oison  as  well,  »o  that,  when  injected,  it  was  found  to 
br  imi(K:tious.  The  Hnal  ntagc  was  reached  when  he  sluiwed  tJiat  if  a 
fatal  duse  i»f  diphtlieria  |x)ison  had  been  injected,  it  could  Ix'  ncutraliacd 
by  a  subsequent  injection  of  this  '*  immunised  seruui."  A  good  deal 
wju  fuund  to  depend  u{K>n  the  method  employed  for  rendrring 
immune  the  animal  from  which  the  serum  was  taken.  Within  certain 
limits,  the  injection  of  small  amounts^  spread  over  a  lung  period,  was 
found  to  give  the  best  results.  Tim  principles,  dctenuiuing  the  duae  titf* 
"  immuni-sed  serum  "  or  "  antitoxin, "ore  not  yet  undcrbtood.     Does  the 
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''anti-toxin  "  simply  neutralise  the  cliemical  poison,  or  does  it  iiiduce 
action  on  the  part  of  the  tissues  ?  In  cases  in  which  only  the  filtered 
culture  and  not  the  actual  bacilli  are  employed,  the  dose  of  serum 
required  is  found  to  var)'  not  only  vith  that  of  the  poison,  but  also 
th  the  body-weight  and  |>usbibly  with  thes|>eciesufiuiiinal  employed, 
ain,  the  doses  requisite  depend  ui>on  the  interval  between  the  two 
injections.  It  was  smallest  when  that  of  the  scrum  innnediately 
followed  the  poison.  These  results  have  led  to  the  extensive  use  of 
the  immunised  serum  for  therapeutic  purposes  :  these  have  been  more 
fully  referred  to  in  the  section  on  Inuiiunity  (p.  HM). 

Inflaeasa.^In  \isi)2,  Pfeiffer,  Kit;isuto,  and  Canon  succeeded  in 
finding  a  minute  bacillus,  which  tliey  believe  to  be  the  cause  of  this 
disease.  It  is  extremely  minute,  measuring  'o  ^  by  "^  p,;  that  is,  it  is 
about  half  the  sixe  of  Uie  bacillus  of  "  mouse-septicu;mia."  It  btaius 
with  Ziehl's  and  La-tHer's  (luids :  the  ends  take  the  stain  bebt,  and 
thus  the  organism  often  looks  like  a  diplococcus.  It  occurs  singly,  in 
pairs,  luid  in  short  cliJiins.  Large  numbers  have  been  found  in  the 
bronchial  secretion  :  they  cUsapj>car  with  the  catarrh.  It  has  also 
been  demonstrated  in  the  blood.  lu  tliat  Huid  it  is  either  less 
frequently  present,  or  more  difficult  to  stain.  It  has  been  found  in  the 
peri-bronchial  tissue. 

Pure  cultures  are  not  easily  obtained.  On  sugar-agar  these  appear 
as  sm;dl,  discrete^  transparent  globules  visible  only  with  a  lens.  The 
^^^cillus  is  aerobic,  grows  best  at  the  body  temperature,  and  is  easily 
^^■estroyed  by  drying. 

^^    Local  inunction  of  pure  cultures  into  the  respiratory  mucous  mem- 
I      brnne  of  monkeys  and  rabbits  is  followed  by  the  disease. 
I  The  Plague  (Bubonic  Fever). — In  a  preliminary  communication,* 

I      Kitasato  has  described   his  researches  during  a   recent  epidemic   at 
Hung  Kong. 

(1)  He  succeeded  in  finding  bacilU  in  the  blood,  buboes,  and 
internal  organs  of  the  plague-stricken  patients.  The  organisms 
stained  readily  with  the  usual  reagents;  tliey  had  rounded  endsj 
which  appeared  darker  than  the  central  parts;  they  possessed 
slight  |»wer  of  movement.  No  spores  were  discovered.  The  organ- 
isms were  easily  destroyed  by  sunlight,  heat,  carbolic  acid,  and  quick- 
lime. Similar  organisms  were  never  found  in  healthy  ]>ersans,  or  in 
ihtise  suifcring  from  any  other  disea.se. 

(2)  Cultures   were   obtained   on   blood-^enim,   glycerine-agur,   and 

•   The  Practitioner,  Octuber  i$94. 
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other   media.      The    colonics    were    whitish-grey,    n>unde<]    {wlcbi 
with    uneven   edges.      In  the  cultures   the  bacilli  often   formed 
threads. 

(S)  Mice.   ratR;    guinea-pigs   and    rabbits,   if   inix^uUted    with  pure 
cultures  or  with   blood    from    patients,   succumbed    with    a    cotuUot 
sequence    of  symptoms.       Roughly   speaking,    these  nppCAr   to    h*rc 
corresponded  to  those  in  man^  though   the  enlargement   of  the  glandi 
does  n<»t  seem  to  have  been  so  marked.     The  bacilli  were  found  in  the. 
blood,   glands,  and  organs  of  theae  animals,     l^geons  are  imitmiM 
Animals,  fed  with  the  organism  or  blood,  died  in  the  Mine  wa}r  i 
inoculated. 

Septiccemia  of  Mice.—  Koch  injected  putrid  fluids  beneath 
skin  of  mice,  in  quantities  too  small  to  cause  septic  intuxication. 
|K*culiar  disease,   without  abscess-formation,  occurred  in  some 
and  was  transmissible  with  certainty  to  others  by  inoculation  of  a  very 
small  quantity  of  blood.     Extremely  small  bacilli,  chieHy  in  teucocytr^^ 
were   shown   to  be   the  cause  of  the  diiiease.     One  attack  canfci^l 
immunity.       It    is  not    inoculable   upon    field-mice,   gt&hic»*pig»,   4if^ 
chickens  (see  "Seplicffmia.") 

TetanoSv—In  1884  it  wa«  shown  that  tetanus  was  an  inoculable 

disease,  tn  the  same  year  a  special 
bacillus  was  dcserit>ed,  but  It  mu 
not  isfjlatfd  and  cultivated  until 
1 881).  KitasAto  accomplnibcd  these 
results  by  hcatinf(  the  impure  cul- 
tures of  pu<i,  obtaiited  fruin  tlic 
original  wound,  to  a  teinpcrataie 
of  80^  C.  (I7fi°  F.).  and  Uien  in- 
cubating the  n*sidue  in  an  atM^ 
sphere  of  hydrogen. 

'llie  iMcillus  thus  obtaiued  i»  ven 
small.  It  is  generally  amingcd  Ui 
longer  r(»ds  (3  ^  to  5  >»  X '4^).  Sp«i 
are  r>ftcn  found.  Thry  ocvupy  vac  ' 
end  of  the  bacillus,  and  being  V^m 
to  four  times  tlie  dijimetcr  of  the  organism,  give  it  the  appewnuice  of 
a  miniature  drumiiUek  (Kig.  1S8).  One  or  two  Hagella  at  the  opUBrfle 
end  are  described  by  some  obseners.  Tlie  bacillus  can  be  vtaioed  bf 
the  uriual  methixls.  Its  habitat  seems  to  be  the  supcrtictal  miD,  fpam 
which  it  can  often  be  obtained. 


dCKriptioiit  sc«  lext. 
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It  caii  be  readily  cultivated  if  prcat  care  l>e  taken  to  exclude 
oxygen :  this  bacillus  and  that  uf  malignant  cedeuia  are  the  two  most 
prominent  examples  of  anaerobic  organism.s.  The  tetanus  bacillus 
liquefies  ji^elatine  slowly,  and  grows  only  beneath  the  surface.  The 
most  suitable  tem|>erature  is  y7'  F.  to  100'  F.  The  cultures  have  a 
characteristic  odour.  The  spores  are  noted  for  the  great  resisting 
power  they  show  to  the  ordinary  methods  of  destruction.  Thus,  they 
have  been  known  to  resist  successfully  boUuig  for  five  minutes,  drying 
for  five  months.  Jind  immersion  in  rarfwHc  arid  (1  :  20)  for  ten  hounr, 
And  iu  mercuric  chioridc  (I  :  1000)  for  three  hours.  Fifteen  minutes 
boiling  is  Invariably  fatal.  For  a  long  time,  all  attempts  at  attenuation 
failed,  liut  it  hns  lately  been  shown  by  Tiz2<mi  and  C^ttani  that 
attenuation  results  from  (1)  the  exjM)sure  to  the  air  of  spores  on 
threads;  and  (9)  the  preservation  of  culture-s  in  various  gases  for  long 
periods — generally  over  a  year. 

The  constant  presence  of  the  barillus  in  cases  of  tetanus^  and  the 
possibility  of  purifying  it  by  cultivation,  Imving  been  e«(tablished,  it 

mained  for  Kitasato  to  complete  the  proof  by  successfully  inoculating 

esc  cultures  on  animals.  He  showed  not  only  that  inoculation  of 
tbe  bjicillus  produces  the  disease,  but  also  that  in  such  cases  the 
organism  remains  confined  to  the  wound,  and  that  the  symptoms  are 
due  to  the  absorption  and  circulation  of  their  products.  Thus,  he 
found  (I)  that  inoculation  of  a  sitrHisi'd  culture  produced  a  fatal  fonn 
of  the  disease,  but  that  no  bacillus  could  be  found  in,  and  no  cultures 
nbtaine<l  fnmi,  the  organs  of  an  animal  killed  in  this  way  ;  (a)  that 
inoculation  of  an  unstertlixed  culture  produced  a  similar  disease,  and, 
similarly  again,  that  no  bacilli  could  be  found  in,  and  no  cultures 
obtained  from,  the  distant  organs ;  and  (3)  that  in  the  latter  case  the 
symptoms  were  first  observed  in  the  locality  of  the  inoculated  part. 
He  concluded,  therefore,  that  the  bacilli  in  the  wound  produced  their 
effect  by  manufacturing  poisons  which  are  gradually  disseminated. 

The  first  of  the  products  separated  was  a  crj'stallisable  substance 
known  as  tctanine,  while  the  second  was  called  tetanotoxine.  The  third 
in  order  of  discovery,  though  the  most  poisonous  of  the  three,  has  been 
named  tetanus  tosatbuiHose. 

Kitasato  conferred  a  two-months  immunity  on  rabbits  by  injecting  a 
stnnll  portion  of  a  sterilised  (filtered)  culture,  followed  by  five  daily 
injections  of  trichloride  of  iodine  (S  c.c.  of  one  per  cent,  solution).  Suli- 
RequeDt  observers  have  obtained  results  precisely  analogous  to  those 
already  described  in  diphtheria.    Small  but  regularly  increasing  (:J  c.c. 
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to  120  c  c.)  ami  repeatetl  doses  of  tlic  fiUtred  cultures  ^n^diially 
iminunity ;  and  the  serum  obtained  from  animals  ttius  protected 
found  to  prevent  the  development  of  symptoms  if  injected  htfmrr^ 
or  tilth,  a  fatal  dose  of  the  toxincs.  By  some  ol>srr\ers  the  name 
result  is  claimed  when  the  injection  Julions  l}ie  dcvtlopmcul  of  Uie 
tivmptoms  of  the  disease.  The  efficacy  of  the  "  antitovin  '*  tennis 
when  kept  in  tubes,  lasts  little  more  than  a  week. 

Malignant  QSdema. — A  spreading  tt-denia  ending  fntaUy  iimt  br 
prtKhiced  by  inuctdation  of  micC;  guinea-pigs,  or  nibbits  with  gmnSm 
mould.  One  form  of  bacillus  dcvelo])s,  and  the  a'duuia-Huid  contaimn^ 
it  is  easily  inoculuble  (p.  S'iG).  The  bacillus  is  .i  fi  to  S'5  ^  (n  length, 
but  grows  into  longer  threads,  which  nmeh  resemble  anthrax 
They  differ  in  showing  no  segnit* ntation,  in  having  nmndrd  rtidft, 
in  being  absolutely  aiiHcro)>ic.  In  cultures,  characteristic  air- 
occur  at  the  sides  of  the  tube  (sec  Frontispiece). 
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SPIROBACTERIA.  —  Two    diseases,    Relapsing    Fever    and 
Chi'Icra,  arc  associated  with  curved  organisms  belonging  to  tbU  order. 

Relapsing  Perer-Tlje  SpinK-htrta  Ohermeirri  (Fig.  IS  I,  p.  547), 
:Olten  called  spirillum,  is  found  in  the  blood  in  thift  disease.  It 
discovcreil  by  Obermeier  in  1873.  It  is  a  r.igxag^  shar|)ly  curvtd. 
uniform  thread,  1 6  to  40  /t  long,  with  quick  undulating  movcincnla. 
spores  are  known.  The  organism  takes  the  ordinnr)'  stains  fecblv, 
does  not  retain  the  stain  when  treated  by  (tram's  method. 
organisms  appear  in  the  blood  soon  after  the  efimmencement  of 
attack,  and  disHji|>ear  with  remarkable  s|>eed  «Aer  the  rrta*. 
Metchnikoff  states  that  during  the  afebrile  interval  Uiey  accumulate  ia 
the  spleen,  and  Soudakewitch  has  shown  that  the  previous  retnoval  of 
this  organ  enonnously  increases  the  mortality.  Nothing  i^  aecn  of 
them  till  the  relapse,  when  they  return.  All  uttempta  to  cultinlr 
them  have  hitherto  failed.  The  disease  has  been  inoculated  froia 
man  on  man.  and  fmm  man  on  apes  (Carter,  Koch).  It  is  sjud  tlMt 
blood  taken  in  the  fever-free  period  is  not  infective. 

Cholera. — The  infective   nature  of  cholera   lias  hmg  been 
tained  by  many  observers,  but  nothijig  definite  was  kitown  in 
whrn    Koch   began   bis  work  in    Fgy])t  and   India.     Me  waa  at 
struck  by  the  disere}>ancy  between  the  accounts  of  the  pu«tf- 
ajtpeamnct*  a«  given   in   text-books,   and   the   conditions   which 
actually    ftMind.      He    obser^'cd    that    it    was    i]uite    ram    to    find    tW 
intestinal  aiucoui  simply  ojHii|ue  with  bliglitly  swollen  follicles  and  tW 
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iiitestiiwil  contents  like  gruelj  as  hail  been  desciibed.  He  found  that 
this  happened  only  hi  the  most  acute  cases,  and  tliat  the  ^niol-like 
contents  then  consisted  of  an  ahnost  pure  cultivation  of  the  parasite 
presently  to  be  described.      Koch  only  very  exceptionally  found  in  the 

C intestines  any  fluid  so  thin  as  to  be  coin|mrable  with  rice-water.  In 
eases  of  somewhat  longer  duration,  he  found  the  follicles  and-  Feyer's 
patches  surrounded  by  zones  of  hypericmia,  running  together  into 
red  areas;  and  uUimatelyj  in  the  longest  cases,  the  small  intestine 
became  intensely  congested,  the  congestion  being  most  marked  above 
the  ileo-ciecal  valve  and  dyini?  away  in  the  upward  direction.  With 
these  changes  the  intestinal  iMintents  became  increasingly  blo*»dy,  and 
finally  exhaled  a  distinctly  putrefactive  odour,  whil*.t  the  |Mirasite, 
above  referred  to,  was  more  or  less  replaced  by  other  Iwictcrial 
forms. 

In  the  titagc  of  patchy  redness,  sections  of  the  nmcosa  pjirallel  to  its 
surface  showed  that,  in  the  most  acute  cases,  the  redness  corresponded 
an  invasion  of  the  epithelium  of  the  tubular  glands  by  the  parasite 
found  in  the  intestine :  the  organisms  were  found  lying  between  the 
epithelium  and  the  basement-membrane.  This  Iwicterium,  therefore, 
soon  attracted  attention  by  its  definite  form  and  by  its  apparent 
constancy. 

Koch's  Cholvm  SjnriftHiM  or  Vibrio  is  about  one-half  to  two-thirds 
the  length  of  a  tubercle  baciJlus,  but  thicker  (aljout  '5  fi).  It  is 
curved,  usuidly  to  a  degree  equal  to  that  of  a  comma  (hence  the  first 
c — commft-bacillus),  but  sometimes  to  that  of  a  semi-circle.  It 
multiplies  by  transverse  division,  and,  wlien  the  organism  is  grown 
upon  gelatinous  media  or  the  intestinal  mucosa,  the  segments  separate 
from  each  other  at  once ;  if  two  remain  united,  they  form  an  ?  (Fig.  1 2Q), 
their  curves  beitig  in  opposite  directions.  When  cultivated  for  any 
length  of  time  in  nutritive  fluids,  the  spirilla  may  remain  united  until 
they  fonn  delicate  spirals  of  some  lengtli,  very  like  the  spirillum  of 
relapsing  fever:  these  are  probably  degenerative  forms.  A  single 
flagellum  is  usually  attached  to  one  end  of  each  organism.  Occasion- 
ally two  or  more  flagella  may  be  similarly  attached.  More  rarely  still, 
flagellrt  may  be  connected  with  both  ends.  Both  single  cells  and 
pirals  are  actively  mobile.  When  present  in  the  Intestines,  in  large 
numbers,  they  form,  according  to  Koch,  little  heaps  in  which  the 
single  cells  have  all  the  same  direction  ;  so  that  it  lot^ks  as  if  a  little 
Bwurm  of  thtin  were  making  their  way,  one  l»ehind  the  other,  like  fish 
in    slowly   moving   water  (Fig.  I2y).     'Ilit-   iirir.inimns    stain    with    the 
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npdinary  solutions  before  mentioned,  but  do  not  retain  the  colour  irhen 
trentetl  by  Gram's  method. 

The  vibrio  grows  well  upon  all  the  ordinary  media,  and  ibt  npid 
multiplieation  can  be  watched  in  a  drop  of  nitrat-inlusiuii  upcm  tiir 
under  surface  of  a  cover-^^las^s.  If  linen,  stained  with  cholcra-dejectj^  ^ 
be  kept  moist  and  exixised  to  the  air,  growth  is  aJbo  ver)-  free  fur  twtiB 
or  three  days.  The  colonies  upon  nutrient  pelntine  or  agar  begin  m 
very  pide  tiny  siK>ts,  which,  as  they  get  larger,  present  «  kU^tly 
irregular  outline  and  a  finely  granuUr  surface:  Koch  compMPC*  thcM 
to  heaps  of  tine  bits  of  glnxs.    On  the  second  day  tlie  gelatinr  1iquc6cs 


Fir..  tjg—CAo/erv  SfiitiUa.     Flftgdli  not  sliown. 
(From  a  spraimm  by  Dr.  Arklr,  prcparrd  in  Koc)r»  [^)M>nilory, ) 


in  tlir  immediate  neighbourliood  of  each  {)oint,  and  the  colinty  dnka 
into  H  bell-shaped  deprcftsion  with  a  white  apical  point.  The  appear- 
ance of  a  long  narrow  funnel  is  very  tj'pical  when  a  tube  is  inucuUteil 
by  puncture  (sec  Frontispiece).  In  the  case  of  allied  orgnni^nii,  bqur- 
focUon  generally  takes  place  more  rapidly.  For  diagnosis,  Koch  rdteR 
nn  the  combined  evidence  afforded  by  (1)  the  microscopic  Appeal^ 
anccs;  (2)  the  results  of  cultivation  on  gelatine  and  on  agar;  (5)  tbc 
indol  reaction  with  peptone-cultures;  and  (4)  the  ciTects of  inoculatkn 
on  animals. 

The  growth  of  this  spirillum  is  unusually  rapid ;  it  reochca  Its  Ibntt 
in  a  few  days,  remains  a  short  time  stationary',  and  then  dimlBblM^ 
the   iMctlli  either  shrivelling  or  swelling,  and  staining  more  or  Um 
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imperfectly.  Many  strange  "  mvolution-forms  "  appear :  these  have  beeu 
thought  to  belong  to  different  species.  Clear  &()ots  failing  to  btaiu 
have  ot\en  been  taken  for  spores  ;  but  Koch  showed  thnt  spirilla  con- 
taining these  spots  were  obviously  dying,  for  tliey  failed  to  grow,  and 
did  nut  jjossess  the  resisting  jMiwer  of  spore-bearing  organisms.  He 
does  not  beHeve  that  spores  arc  formed ;  but  Muppe  and  others  have 
descril>ed  the  splitting  up  of  vegetative  cells  into  smalt  fragments, 
which  become  rounded,  like  spores :  these,  when  transplanted,  grow 
into  spirilla  (arthroxporrx). 

Growth  is  most  rapid  at  86'  F.  to  104'  F.(30' to  40*  C),  and  stops  below 
60*8"  F.  (10**  C).  Death  results  from  exposure  to  a  moist  temperature 
of  131°  F.  {SS'^  C).  Oxygen  is  essential  to  gronih,  but  neither  its 
absence  nor  an  atmosphere  of  carbon  dioxide  causes  death.  An 
alkaline  reaction  is  most  favourable  to  growth,  while  distinct  acidity  often 
arrests  it ;  btit  nil  acids  have  not  this  efl'ect,  for  though  the  surface  of  a 
potato  is  acid,  yet  growth  occurs  freely  upon  it.  Koch  added  many 
antiseptics  to  cultivations,  to  discover  those  which  most  powerfully 
hindered  development.  Quinine  (1 :  oOOO)  and  mercuric  chloride 
(1  :  100,000]  head  the  list,  but  it  is  obvious  that  the  constitution  of  the 
material  to  which  they  are  /ulded  will  greatly  affect  the  result.  Koch's 
most  important  observation  on  tills  point  was  that  com/j/Wc  desiccation 
killed  the  vegetating  cells  of  these  bacteria  in  three  hours.     It  must  l)e 

membered  that  in  pappy  substances  many  hours  may  be  rc(|uired  to 
complete  desiccation,  but,  even  in  such,  twenty-four  hours  suffice  to 
destroy  cholera-germs.  On  the  other  lutnd,  Hiippe  obtained  fresh 
cultures  from  arthrosporous  spirilla  after  four  weeks'  desiccation  ;  and 
vigorous  growths  have  been  obtained  from  desiccated  cultures  after 
tea  months.  It  is  not  yet  certain,  but  Huppe  believes  that  arthro- 
spores  were  contaiited  in  the  latter,  and  that  new  growths  after  long 
internals  always  arise  from  these  structures.  Lastly,  it  is  verj-  probable, 
if  not  certain,  that  this  spirillum  soon  dies  in  putrid  Huid,  cesspools 
and  ihe  like,  and  that  consequently  the  addition  of  antiseptics  to  such 
collections  of  matter  may  possibly  preserve  rather  than  destroy  the 
cholera-genu. 

Koch  was  strongly  of  opinion  when  he  wrote  his  early  paptrs  on  this 
subject,  that  the  foriu  of  the  "comma-bacillus"  was  quite  character- 
istic :  but  Fiukler  and  Prior  discovered  a  spirillum  very  like  it  in 
"English  cholera;"  Dcnecke  found  another  in  cheese;  Eschcrich 
obtained  one  from  the  alvine  discbarges  of  infants  with  summer 
diarrhota ;  and  Metchuikutf,  one  from  fowb  suffering  from  a  special 
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forro  of  enteritis,     Koch  found  a  bacterium  like  U,  but  thidccr,  in  the 

water  of  the  Hooglily.     CAicful  studr  of  the  pUtc  luiti 

lions  of  these  very  similar  organisms  and  of  their  putlx  .^ 

has  shown  that  they  can  be  readily  distinguished  by  tboroujuhly  com* 

petent  obseners. 

It  would  seem  from  the  above  morphological  and  yh\ 
details,  that  Koch's  cholem-germ  is  a  pcrfc-ctiy  distinct  in 
that  it  is  invariably  present  in  the  catIv  staj^  of  the  a;-^«.^.  i.i 
all  of  Koch's  statements  are  not  fully  acccj>ted.  Some  observer*  afim 
that  the  spirilla  do  not  necessarily  inviuie  the  iutcstiiiol  ejuUkerliam. 
(inibc'T  maiiituins  that  variations  in  the  sixe,  cur\-c,  sharjineia  of  cwK 
and  number  of  flagelU  are  common,  and  depend  on  the  iifieciil 
epidemic  in  question,  on  the  conditions  of  growth,  and  on  the  vUgr 
of  cultivation. 

Koch's  tlicorj'  as  to  its  action  is  that,  being  confined  to  the  intestiocT 
it  produces  a  virulent  general  |wison  which  is  abMirbcd,  and  at  the 
same  time  acts  as  an  intense  irritant  to  the  uiucoum  mcnil>rane.  Eariy 
death  in  collaji^ic,  pcrha|)s  before  the  |ia^sage  of  a  single  stool,  omj 
result  from  general  poi^uingjand  it  is  in  these  cases  that  the  intestiM 
is  found  pale — simple  hypeneiuia  having  died  away,  lo  longer  oaKi 
the  local  effects  become  more  nuu*ked,and  incre&sing  extravasation  ofrvd 
corpuscles  remains  to  indicate  the  existence  of  the  hypenemia.  Hkca 
the  cholera-germ  having  reached  its  limit  of  de^'elopment.  hitMlered 
perhaps  from  furtlier  growth  by  the  products  of  its  own  action,  ia  mem 
and  more  replaced  by  ])utrefactive  germs,  the  products  of  which  are 
both  extremely  irritant  and  |K>isonous.  \*.irious  tuxic  IxKlies  Iwve  boOi 
obtained  from  cultures  of  the  cholera  spirillum.  These,  when  itgcctvdy 
^ve  rise  to  cramps,  cardiac  failure,  and  lowered  temperature,  rcapec^ 
tively.     The  exact  nature  of  these  is  at  present  unknown. 

Koch  exiimined  the  intestinal  contents  and  stools  of  a  Uu-ge  nimbcr 
of  caves — dysentery,  intestinal  catarrh,  ulceration,  typhoid  and  typbva, 
diarrhoea  of  adults  and  children  ;  tlie  stools  of  animals — uorraal  and 
atlcr  arsenical  ]Xiiboning;  the  contents  of  the  Calcutta  drains;  wid 
water  from  the  most  varied  sources,  (hieeonly,  in  u  tank  in  a  cholom 
district,  was  the  spirillum  found  external  to  tlie  body,  and  hctv  ft 
seemed  to  have  a  clear  relation  to  the  epidemic  around  it,  Koch 
therefore  concludes  that  thi.t  spiriHum  acxTurs  unitf  in  caart  ofchotrra,  lt» 
discovery,  therefore,  in  the  stools ot'Uinrrliu-a  would  be  mo»t  ini|)urtanL 
MetehnikoH' hax  jmintcd  out  that,  during  a  neighlxjuriijg  cpUlcsale 
of  rholera,   the   drinking   water   of   Wrwillcs   coutaiiicd   tlic  cholcft 
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vibrios,  yet  that  those  who  draiik  the  water  remained  unaffected.  He 
has  turther  shown  that  the  organism  persisted  in  the  water  for  months 
after  the  epidemic  had  ceased,  and  therefore  that  the  appearance  of 
the  microbe  in  water  did  not  necessarily  invoKe  the  appearance  of  an 
epidemic.  He  believes  that  cholera  organisms  may  exist  for  some 
time  in  the  intestines  of  animals  without  proilucing  cholera.  This 
result  he  attributed  to  the  action  of  contiguous  and  coutein|K)rary 
organisms.  Some  of  these  aid,  while  others  hinder,  the  action  of  the 
cholera  vibrios. 

In  the  pr*.iof  of  causation  we  have  now  shown  : — 
(1)  That  Koch's  cholera  spirillum  is  a  specific  organism  to  be  found 
ill  all  cases  of  cholera,  and  rarely,  if  ever,  in  jiersoiui  not  suflering  from 
^^Kthe  disejLse. 

^H  (S)  That  pure  cultures  of  the  spirilla  can  be  obtained ;  but  that 
^^nuccessive  cultivations  tend  to  cause  their  degeneration. 
^^M  The  possibility  of  inoculating  the  disease  must  now  be  considered. 
^^pBy  an  accident,  cholera-dejecta  became  mixed  with  water  :  this  was 
r  drunk  by  seventeen  |>er5ons ;  of  these,  five  had  cholera  (Maenamara). 
I  Again,  at  Berlin,  during  a  course  of  demonstrations  upon  the  tuicteria 
I  of  cholera,  one  of  the  members  of  the  class  was  attacked  by  a  distinct 
I  though  mild  form  of  the  disease,  his  stools  containing  numbers  of 
^^  spirilla.  No  other  source  of  infection  seemed  |X»ssible. 
^^m  Meanwhile,  Nicati  and  Itietsch  at  Marseilles  succeeded  in  infecting 
1^^  dogs  and  guinea-pigs  with  a  discHse  like  cholera,  by  injecting  cultiva- 
tions uf  the  spirilla  into  the  duodenum  ;  and  their  results  were 
repeated  and  confirmed  by  Koch  and  others.  This  method  was 
adopted  to  avoid  the  stomach,  in  the  acid  secretion  of  wliich  the 
cholera-genns  ordinarily  ]>erished.  Of  eighteen  guinea-pigs  thus 
^H treated,  thirteen  died  of  "cholera;"  whilst  of  "control"  animals, 
^^Hnjeeted  with  other  bacteria,  none  died. 

^^P     Koch  next  Heutraltscd  the  gastric  juice  for  about  three  hours  by  a 
^^  suitable  injection  of  carlwnate  of  sodium,  and,  later,  injected  spirilla  in 
meat-infusion,  but  with  a  negative  result.      He  next  delayed  perislaJsis 
by  means  of  opium,  with  the  result  that  of   thirty-five  guinea-pigs 
infected  through  the  stonmch,  thirty  died  of  '*  cholera." 

Infection  through  the  stomach  would  apparently  be  much  easier  in 
man  than  in  guinea-pigs.  Kwald  finds  that  water  introduced  into  an 
empty  stomach  remains  neutral,  or  even  becomes  sliglitly  alkaline : 
its  cpiantity  decreases  slowly  for  an  hour  or  more ;  then  decreases 
suddenly — evidently  from  opening  uf  the  pylorus — before  its  reaction 
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has  become  acid.  Cholera  spirilla,  intriHluced  shortly  before 
juncture,  might  reach  the  duodenum  alive.  If  arthrospore*  cxSbC 
this  is  even  more  likely.  It  would  therefore  seem  |K>ssiblr  that  ibc 
cholera  spirillum  might  occasionally  |>ass  through  the  «lcriiiach  uf  man 
without  predisposition.  As  with  other  acute  !»|}ecific  discastci*..  of  thtmt 
exposed^  but  few  take  the  disease ;  and,  according  to  Koch,  almoal  all 
these  had  digestive  troubles,  ^^tro-intestinal  catarrh,  or  an  ofcr- 
loaded  stomach — the  latter  condition  diminii^hing  the  geacral  acidfly 
of  the  stomacli  and  enabling  the  spirillum  to  pass  with  nnd^^crtMl 
masses. 

The  voniagitm  of  cJiolera  fxutU  in  the  dejrda,  and  <)uite  exeepUonaDv 
in  vomit  (when  this  has  regurgitated  from  the  inte<itinea).  For 
spread  to  occur,  moisture  is  essential — as  desiccation  as  a  nJc  (*er 
above)  means  death  ;  cholera,  therefore,  does  not,  like  tubcrclcj  spread 
by  the  shaking  of  dust  from  linen  ;  it  is  not  carried  by  fKi^t  nor  by 
merchandise,  but  by  miui.  As  a  rule,  it  is  spread  by  the  tnfcctiao  of 
water :  tliis  occurs  very  easily  in  India,  where  a  large  tank  la  emplored 
to  collect  water  for  many  people  ;  and  the  one  tank  b  nted 
indifferently  as  a  public  bath,  a  wash-tub,  a  cesft|M>o],  and  a  reaerroiraC 
drinking  water.  Koch  quotes  convincing  examples  to  %how  thai  the 
supply  of  pure  water  will  prevent  the  occurrences  of  the  disease  whrre 
previously  it  has  l>een  rife.  Moist  provisions  may  be  infected  byj 
contaminated  hands  or  |>erhaj>s  by  flies. 

It  has  already  been  shown  that  i/tU  ^Hirasite  can  mtihipl^  apart  fr\ 
the  (ivdif—r.g.,  on  moist  linen,  on  potato,  or  in  meat-in^sioa.  As 
requires  rather  concentrated  nourishment,  it  probably  docs 
multiply  in  ordinary  ruiuiing  water ;  but  many  ot  the  rivers  wf  li 
are  extremely  foul,  and  organic  matter  increases  greatly  where  tht 
waters  stjignate,  drains  and  gutters  enter,  and  vegetable  and  anlaial 
rcfu*e  coUecta :  round  About  such  masses  wal^-r  may  be  umdcly  froai 
genus.  Stagnant  Mirfnee-wuter,  therefore,  seems  to  l>e  the  gnM 
culture-ground  for  rholera-gemis  external  to  the  body. 

All  evidence  goes  to  show    that  the  home  of  the  cholrra-germ  k% 
drlla  of  the  Cmnges — a  region  s<»  |K*culiarly  Htlaptrd  to  the  growth 
micro-orgauiMU!*,    by    the    quantity    of   dead    (inimnl    and    vegri 
matter,  and    by  the  heat  and  the  moisture,   that  one  might 
to  meet  with  quite  H{»ccial   forms  of  bacteria.     To  this  rtgioo 
inquiry  has  always  been  able  to  trace  epidemics  of  cholera. 

For  an   account  of  preventive    vaccination    against    ebolcfa, 
p.  344. 
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The  Blafttomycetei  or  Yeasts. 

These  are  small,  muiul  ur  oval  cells,  which  multiply  by  budding 
(jfemmatimi).  Somt'times  the  cells  cohere  and  form  braiichmg  chains. 
When  I'ood  is  not  ubundantj  as  in  the  casc  of  potato-cultivations,  one 
to  four  spores  may  form  in  the  interior  of  the  ycast-cells ;  these 
develop  when  placed  in  fermentable  fluids.  Under  the  same  con- 
ditions unjointcd  mycelium  may  be  produced.  Eurthennore,  when  it 
is  remembered  that  the  growth  of  some  higher  fungi  {e.g,,  Mucor 
[Alucedo)  under  fjrf/^/iofu;/ circumstances  js  the  same  as  that  of  yeasts 
under  onr/iafl/y  circumstances — i.e,,  by  gemmation,  it  seems  possible  that 
yeasts  may  really  be  vegetative  forms  of  higher  fimgi. 

Yeasts  are  of  importance  only   as  causes   of  fermentation.     They 
never   invade    living   tissues.      They   are   common    in    the   stomach 
either  alone  or   in   company    with 
sarcina*.    They  are  frequently  found 
in   diabetic   urine,  but  not   at  the 
time  it  is  passed. 

Thrash. — In  this  disease,  toler- 
ably adherent  grey  or  milky  patches 
form  in  the  mouth,  pharynx,  and 
gullet,  either  of  children  at  the 
breast,  or  of  adiilts  exhausted  by 
wasting  diseases  (typhoid,  phthisis). 
These  patches  are  due  to  the  growth 
icf  the  oidimn  albicans,  a  parasite 
which  was  regarded  as  a  mould  ; 
but  Grawitz  states  that,  when  cul- 
tivated, this  fungus  shows  itself  to 
be  a  yeast,  and  probjibly  the  Myco- 
derma  vini,   which    he  has   proved 

CH])ablc  of  growing  on  mucous  membranes.     The  patclies  consist  of 
tortuous,  oflen  bnmched  Htanicnts,  Conned  of  long  cells  united  end  to 

id,  and  distinctly  constricted  where  they  joiii.  The  filaments  end 
!n  roundish  cells,  which  produce  one  or  more  spores  :  these  form  heaps 
in  the  epithelium  (Fig.  130). 


Fig.  Ija — Oidium  Albicans.  CcUs  and 
spores  seen  on  Ihc  suiface  of  cpilhe- 
liunif  scfapiKl  from  an  ' '  aphihuu^ " 
patch  on  an  infant  s  tongue. 
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The  Hsrphomycetes  or  Mo-oldA. 

These  consist  of  filaments  (Ilifpkce)  formed  by  a  single  row  of 
plnced  end  to  end,  growing  by  means  of  an  apical  cell  which  elon^ttM 
and  divides  transversely.  Lateral  offslioots  are  comniun*  but  dIchotiK 
mouH  branciiing  is  rare.  The  thallus  may  consist  of  a  single  hypba; 
but  iiHiially  the  h^iiha*  are  numcrouf^,  and  intercross  loosely  or  cloaelj. 
AH  spring  from  an  axis  or  grrmina/  iuhe  which  grows  directly  tram  ■ 
germinating  spore.  Compared  with  tlrnt  of  bacteria  (|il  S08),  tbrir 
growth  is  extremely  slow. 

In  the  adult  plant  tlic  hypha?  are  of  two  kinds  (I)  the  ntUtHirr,  vllkit 
grow  into  and  extract  nourishment  from  the  culture-ftoil,  fiimting  bi 
itj  by  ihfir  interlacement,  the  wifcrUmn ;  and  (ti)  the  MyrwIaUwr, 
which  spring  from  the  mycelium,  and  .stitnd  up  from  the  aubatjusoc  tai 
which  the  mycelium  lies :  these  are  called  fruit-hyplur.  They  U« 
simple  or  branched,  and  t>ear  at  their  ends  spores  or  sexual  ori^uift^ 
Reproduction  is  either  asexual  or  sexual :  the  two  mctluxls  may  occur 
together  on  the  same  plant,  or  may  alternate  regularly  or  irrrgulariy- 
Spores  are  formed  by  each--round,  ovalj  or  cylindrical,  smooth  ur 
irregular,  coloured  or  colourless ;  most  are  motionless,  but  wcnm 
"swarm."  Each  c<msists  of  a  little  mass  of  protoplasm,  Mirroumlcd 
by  au  envelope,  which  is  made  up  of  an  outer  {eaotporimm)  md  a& 
inner  ((tmdosporium)  layer :  the  exosporium  is  often  pigmented.  All 
spores  have  great  power  of  resisting  the  action  of  phyifteal  bhI 
chemical  agencies,  and  retain  life  for  long  |>eriods ;  those  formed  m- 
sexually  are  ready  at  once  to  genninute,  but  those  due  to  n 
process  alraotit  always  require  a  rest  The  Utter  are  the  true 
sporrs  ;  but  this  imme  is  often  applied  to  all  sjxires  ca|)ablc  of  rebiiniaf 
life  for  long  pcrioiU  in  f^pite  of  adverse  conditions. 

To    understand    the  above  and   what    follows,  the  student 
examine  a  few  iiwmlds  from  the  surface  of  tiiin  jam,  pastr,  drcaying 
fruit,  or  the  surface  of  a  slice  of  potjito  which  Imn  l>een  ex|Kw»ed  for  aa 
hour  or  two  iji  a  dwelling-room.     In  all,  the  aerial  portion  b  tmtHf 
studied,  and  the  mycelium  is  readily  shown   by  crushing  m   Ul 
the  culture-ground  under  a  cover-glass. 

Asexual  spore-formation  occurs  in  tlirce  ways: — 

(1)  Hyphic  spring  frrmi  the  mycelium,  and  perhaps  branch, 
terminal  cells  divide  transversely  into  s]M)res  (cimUlia),  whicJi  either  Call 
away  singly  or  fonn  clmiiis. 

(:2)  A  liyplm  (xparttngtuphure)  staiuls  up  from  tlie  mycelium,  and 
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d  swells  into  a  ball  full  of  protoplasm,  which  begments  and  forms 
conidia  {^mratigium), 

(S)  From  the  surface  of  a  knob  on  the  end  of  a  hypha  (conidiophore), 

^-likc  processes  (sterigtnata)  sprtjut,  each  sterigma,  by  growth  and 
ansverse  division,  fonniiig  a  chain  of  spores. 

Sexual  reproduction  occurs  in  three  ways  : — 

(1)  Conjugation. — The  apical  cells  of  two  hyphte  nieel  end  to 
end,  and  blend  into  one  cell  (=ygu.tpore).  From  this,  after  a  longer  or 
shorter  rest,  a  sporangiophore  sprouts,  and  from  its  spores  new  plants 
grow,  as  ill  MiKor. 

Qi)  Fertilisation.— (/i)  The  end  of  a  hyjiha  becomes  twisted  like 
a  corkscrew,  more  and  more  closely,  until  the  turns  form  a  continuous 
tube — the  (ucogonlum.  From  the  lower  turns  spring  fine  branches, 
one  of  which  {anthcridiuni)  conjugates  by  its  apex  with  the  asc<>gonium  ; 
the  others  simply  cover  the  ascogonium  continuously,  and  are  con- 
vcrtctl  by  division  into  jwlygoual  cells,  which  form  a  capsule  {peri- 
thceiuw)  niund  it.  Many  tnmverse  st^jita  fonn  in  the  tube  of  the 
ascogonium,  and  from  the  cells  thus  produced  flask-shaped  lateral 
projections  ((ufci)  develop:  in  each  of  these,  eight  spores  generally 
appear.  The  jMrnthecium  thins  as  the  asei  enlarge,  the  walls  of  the 
asci  disapjiear,  and  an  easily  ruptured  sphere  of  spores  remains.  When 
these  germinate  tlie  endos|K)re  swells,  splits  the  exosjiore,  and  throws 
out  the  germinal  tube,  whence  springs  the  mycelium.  This  again 
gives  origin  first  to  conidiophorcs,  then  to  peritheoia.  Eurotium 
repens,  and  Aspergillus  glaucus,  found  especially  on  preserved  fruit, 
show  tliese  changes  (Sachs). 

(A)  In  some  species,  certain  cells  forfii  an  organ  {iDogtitiium),  in  which 
e  or  mure  female  reproductive  bodies  (oosjjhcrcs)  are  formed ;  whilst 
other  cells  form  a  male  organ  {antkerUUtim)  in  which  spcrmalozoith  are 
produced.  The  oosphere,  which  is  hundreds  of  times  larger  Uian  the 
spennatoxoids,  remains  in  the  oogonium,  and  is  there  fertilised  by  the 
mobile  s))enna toxoids.  It  is  now  called  an  oospoir,  and  may,  after  a 
rest,  directly  develop  into  a  new  plant,  or  form  cells,  each  of  which 
develops  in  like  manner. 

Conditions  of  lafe* — Food. — Possessed  of  no  chlorophyll,  moulds 

unable  to  build  up  carbon-compounds.    They  assimilate  those  built 
tTp    by   other    plants  or    animals.     They  are   therefore   always   either 
prophytes  or  ]iarasites ;  in  the  latter  case  they  may  kill  their  host 
ey  require  a  free  supply  of  oxygen  ;  but  some  can  obtain  it,  at 

t  for  a  time,  by  dccom])osition  of  organic  comjiounds  like  sugar. 
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Thus,  Mucor  racemosus,  cultivated  on  the  siurfacc  of  «  BACcharioe' 
liquid,  absorbs  oxygen,  oxidises  completely  some  of  the  sugar,  cxh&laj 
carbon  dioxide,  and  ^ruws  rapidly.  If  deprived  of  oxy^e»t  as 
immersion,  only  the  mycelium  ^rows,  and  this  becomes  broken  D|i 
into  short  cells,  which  multiply  by  budding,  and  much  resemble  yeast- 
cells.  The  growth  is  much  slower,  carbon  dioxide  escapea  io  bubl4e^ 
and  alcohol  appears  in  the  liquid.  But  all  these  changes  aooD  etamt 
and  the  process  can  be  Jitarted  again  only  by  a  fresh  supply  of  uaygfJi 
(Duclaux).  Some  moulds,  as  Penicillium  glaucum,  Aspcrgillu»  niger, 
liave  no  power  of  thus  obtaining  oxygen,  and  die  if  cut  off  fruro  lie 
free  gas.  The  chan^^e  in  the  character  of  growtli  abovc-uicntinoed, 
ftcconi])anying  changes  in  conditions  of  life,  is  often  pointed  to  « 
evidence  in  favour  of  the  mutability  of  bacteria. 

Zaight. — Many  moulds  can  develop  completely  without  light:  hmbt 
require  it  for  the  dijioharge  of  spores  and  other  prt>cesses. 

Temperature.— Zicgler  states  that  moulds  Hourisli  best  at  teai* 
peratures  hrforr  that  of  the  body,  and  that  some  will  not  grow  at  all  at 
so  high  a  tcm|>erature.  A  few  species  of  Aspergillus  and  Mucor  gnm 
well  between  f)5  '  and  105**  F.  The  spores  are  as  resistant  to  extcrail 
agencies  as  are  those  of  Imeteria. 

MTater  is  essential,  but  mere  dampness  is  sufficient. 

Action. ^Moulds  are  associated  with  processes  of  rotting  ik  4nm^ 
The  j>eculiftr  snicll  and  taste  which  they  impart  is  known  to  mXL  TW 
products  of  their  life-action  have  not  been  closely  inve^ig«lal ;  bat 
they  are  neitJier  very  poisonous  nor  very  irritating,  so  far  aa  kmmm 
tissues  are  concerned. 

Distribntioit — The  spores  of  moulds  are  much  more  nunicnms  in 
the  air  than  arc  other  organisms.  I'hey,  therefore,  constAntly  &B 
upon  the  skin  and  enter  the  air-passages  with  air,  and  the  litaaft- 
passages  with  food.  As  a  rule,  they  find  no  nidus  suitable  for  thrir 
deveUiprnt-nt :  the  supply  of  free  oxygen  is  often  insufficient,  and  tW 
temperature  too  high.  Certain  of  them,  however,  when  brought 
contact  with  accumulated  inflammatory  discharges,  or  with  Uui 
Le  root  and  fructify.  Tliis  is  most  likely  to  occur  in  the  nose, 
pharynx.  Tliey  are  here  saprophytes,  but  the  products  to 
they  give  nse  may  irritate  the  living  tissues  lying  beneatli  the  soil  ii 
which  they  grow.  Species  of  Mucor  and  Aspergillus  are  thoae 
monly  found. 

Pathogenic  Monlds. — Owing  to  the  peculiarities  mcntioocd 
their  lilV-hislory,  tliese  fungi  have  but  Httle  powrr  of  invading 
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tissues.  Certain  skin-diseases  are,  however,  due  to  the  growth  of 
species  of  this  class  in  epidermic  structures:  they  are  (I)  favus ; 
(4)  Imca  lofijruntnSt  t.  kvrioit,  t.  circinota,  t.  sifcofis,  and  /.  unguium  ;  and 
(3)  tinea  versiivhr.  Two  discuses,  acfiftnmi/ctt^is,  and  the  M/tduni  foot  of 
India,  have  been  attributed  to  penetration  of  tiie  dec|K*r  tissues  by 
hyphomycctous  fun^i,  and  true  mycoses  may  also  occasionally  be  due 
to  growths  of  the  Aspergillux  JumigatuJt  or  A.  »igrr. 

FaTns. — The  Arhnrion  Schonh-inii  forms  ahnost  t)ic  whole  of  the 
light,  yellow,  mouldy-stnelling  crusts  characteristic  of  FavUB.  UTien 
in  liairj'  parts,  which  are  the  usual  seats,  the  hairs  are  always  invaded, 
especially  the  roots.  Here  the  parasite  grows  luxuriantly,  but  it  does 
not  extend  far  up  the  shafi  ;  its  ])rinmry  scat  is  the  epithelium  of  the 
hair-follicle.  On  non-hairy  parts,  the  mycelium  invades  the  deeper 
layers  of  the  epidrnnux,  and  may  even  [>enetrate  to  the  corium :  in  this 
case  the  local  irritation  will  be  more  marked.  The  mycelium  consists 
of  unjointed,  branching,  confusedly  intercrossing  tul>es ;  in  certain  of 

em,  which  become  divided  into  joints,  oval  spores  form. 

The  nails  are  very  rarely  invaded ;  and  then  only  by  mycelium. 

Tinea  Ton»uran«.  —  Tlie  Trichophjfttm  toMurans  is  generally 
assumed  to  be  the  one  parasite  common  to  tinea  tonsurans,  tinea 
kerion,  tinea  circinata,  tinea  sycosis,  and  tinea  unguium.  Different 
varieties  have  lately  l>cen  described.  These  are  distinguished  by  the 
si/e  of  the  sjwres  (/.  megahxporon,  t.  viicrosporott),  tlieir  pyogenic  effects 
(/.  megaloxporon),  and  their  culture-results  (Sabouraud).  These  forms 
arc  not  f«iund  growing  together. 

When  the  hair  is  affected,  the  root  aiid  the  lower  part  of  the  shaft 
crammed  with  spores,  lying  in  rows  between  the  fibrils  of  the 
egenerate  hairs  which  are  opaque  and  brittle.  It  is  doubtful  how 
far  the  fungus  makes  its  way  down  between  the  shaft  and  the  wall  of 
the  follicle  before  it  penetrates  the  former.  The  hair  breaks  just 
beyond  the  scalp,  leaving  a  stubbly  line  of  split  or  twisted  ends. 
Epidermic  scales  from  the  surface  of  the  scalp  may  contain  the  fungus, 
but  the  deeper  living  cells  of  the  root-sheaths  arc  always  free  from  it 
(Tliin  and  Taylor).  Spores  are  abundant,  and  oval  in  shape;  mycelial 
threads  arc  rare.  Points  worth  remembering  in  connection  with  the 
undoubted  fungoid  origin  of  the  disease,  are  (I)  its  usual  limitation  to 
children;  (2)  its  tendency  to  fasten  upon  the  weakly;  (S)  its  great 
contagi<iu*Jness  when  acute,  diminishing  as  it  becomes  chronic;  and 
(4)  its  greater  severity  when  contracted  from  animals,  as  the  horse 
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(Tinctt  mejfaIos|>i»rt>n).     It  raay  cxcilc  severe  uriUUon  aiul  eveo 
piiration — T.  kerion. 
Tinea    circinata.  —  Here   the   parasite  Infests  epidcrmk  ocUs, 

always  causing  descjuumation,  sometimes  vc^iculatiun,  or  ercn  BMice 
t^evere  inHaiiiination.  It  spreads  unifonnly  fn^m  the  point  at  whicfa  it 
Hr«t  takes  root,  aiid  consequently  assumes  the  form  of  a  gmdtwUy 
enlar^ring  circle.  The  central  parU  of  tlic  fungus  die,  and  the  etrcwn- 
ferential  give  rise  to  hyperemia  in  their  neighbourh<KKL  Myceliuta  i« 
pretient  chiefly  in  the  form  of  very  long,  jointed  and  branched  threads; 
the  bpores  are  scanty,  single,  or  in  short  chains.  The  t'uagm 
altogether  is  often  scanty,  and  is  e8|iccially  difficult  to  detect  If  It  km 
rx<'iti'd  inHfuinnution. 

Tinea  lycosia. — (Tinea  mirgttittsfwroti), — UTien  attacking  tl>e  bean) 
the  fungus  is  found  chiefly  in  the  hair,  but  also  in  Uie  follicle ;  boti 
mycehum  and  spores  are  seen,  the  latter  in  excefis.  but  not  so  nuurkedly 
#ui  in  T.  tonsurans,  'file  mycelium  generally  lic9  round  the  root  of  the 
hair,  imd  is  pulled  out  of  the  sheath  with  it.  Severe  inflammatioii  fii 
generally  excited. 

Tinea  un^uinm. — Mycelial  threads  of  trichophyton  inay 
ally    invade    a    Hnger-nail.    rendering    it    opaijue,    thick    and    twitttc.^ 
Lnlike  a  general  condition,  the  fungus  produces  thebc  changes  in  ti 
or  three  noils  only,  and  the   toe-nails  are  scarcely  ever  afTccted.     la 
this  situation  it  is  extremely  ditficult  to  destroy. 
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Chloaama,  Pityriaaii    ▼eraicolor.— iVuTtM/wrow  /"Mr/»r  ini 

the  horny  layer  of  the  epidermis  of  covered  parts  of  the 
growing  more  superficially  than  any  of  the  above,  ruely 
irritation  and  not  attacking  nails  or  hair.  It  consista  of  jointed 
mycelial  threads,  which  are  always  abundant ;  and  s|M>res,  which  vai^  ia 
form,  lie  in  groujts  and  grow  at  the  ends  of  the  mycelial  LhrcatSa 
can  be  easily  cultivated. 


Actinomycosia. — l^he  ray  fungus  {actitiuMtfccs)  is  believed   to 
the  cauhc  oi  tliLs  discaM.*.      Its  description  will  be  found  in  the  cbapti 
on  "  Infective  Granulomata."     Ita  botanical  ]M>ait{on  is  doubtfuL 


Madura  Foot — Mycetoma, — In  certain  parti  of  India  the  f«ct  d^ 
the  natives  are  liable  to  a  )>eculiar  swelling  ;  "  tubercles  "  form 
the  skin,  burst,  and  leave  sinuses  fmni  which  IxmIics,  like  tluiae 
tuting  the  roc  of  u  fi^ti,  arc   discharged,  or,  more  rarely.   Itnlic* 
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grains  of  gunjMiwiIer.  lu  the  latter,  fungous  elements  have  been 
recognised,  and  called  (Ut'umtfphe  Carteri.  These  are  believed  by  some 
to  be  the  cause  of  both  classes  of  the  disease.  On  section,  masses  of 
the  above  bodies  are  seen,  especially  in  the  fatty  layer;  the  nia^iscs 
may  have  no  obvious  communiratinn  with  each  other,  or  with  the 
surface.  The  botanical  {K>sition  of  the  fungi  found  is  doubtful. 
Kanthack  considers  the  disease  a  form  of  actinomycosis.  Boyce  and 
Sur%*eyor  acknowledge  the  similarity,  but  not  the  identity,  of  the  two. 


CHAPTER  XXII. 
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THE   INPECTIVi:   GRANULOMATA. 

terra    w/fcinr   gratudomala  is  applied  to   a  group  of  diseases, 
including  tubercle,  lupus,  syphilis,  glanders  and  farcy,  leprosy,  actino- 
mycosis, and  rhinoscleromH.     It    was   originally  used  by  Virchow  to 
emphasise  the  points  of  resemblance  which  the  lesions  of  the  above 
diseases  show  to  some  forms  of  tumour.     These  lesions  consist  of  cells, 
varying  between  lymphoid  and  giant-cells  in  size,  and  lying  in  a  scanty 
atrix  ;  while  the  mass  thus  formed  presents  to  the  naked  eye  a  more 
less  defined  outline.     The  lesions  therefore  resemble  sarcomata  in 
structure.     Many  of  them  develop  without  any  ob\ious  cause,  and  are 
not   BccomjMinied    by  any  distinct  signs  of  inflannnation  ;  they  often 
pcrxut  for  long  periods,  and,  with  the  exception  of  gumnmta,  rarely 
undergo   absorption ;   they   often   degenerate   early,  and    show    little 
tendency  to  develop  into  a  permanent  tissue  ;  and  lastly,  most  of  the 
lesions  have  an  infective  power,  reproducing  themselves  in  neighbouring 
or  distant  parts  by  both  blood  and  lymphatic  vessels.     In  all  these 
respects    the   above-mentioned    new  formations    resemble    malignant 
tumours,  but  they  differ  from  tl»em  tetiologically.     In  the  case  of  some 
it  is  certain,  and  in  the  case  of  all  it  is  probable^  that  the  tiunour-Uke 
nodules  arc  products  of  chronic  inflammation,  excited  by  the  growth  of 
organisms  at  certain  points  in  the  tissues.     Irritation  is  maint&ined  as 
long  as  the  fungi  grow,  and  as  their  growth  is  often  slow,  the  processes 
are  often  chronic.     The  development  of  vessels  is  mi|ierfect,  and  so 
degeneration  is  the  rule.     Secondary*  growths  in  other  parts  are  due 
to  infection  from  the  priniar}*  focus ;   but  organisms  and  not   tissue- 
cells  arc  Uie  active  agents. 
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The  above  diseases  are  as  specific  as  the  "acute  specifics," 
essential  lesions  have  a  general  resemblance;  but  the  primary' sf«lX|J 
modes  of  generalisation^  varieties  and  times  of  degeneration,  a«  wrU  m\ 
the  clinical  symptoms,  cstjiblish  iheni  as  distinct  diseases.  Th«r 
missibility  from  person  to  person  of  syphilis  and  glanden  i» 
kuown ;  tubercle  can  be  transmitted  expcriment^tlly*  and  the  -litttt^l 
evidence  of  its  ordinary  communicability  from  man  to  man  i&  verf 
strong.  I/Cprosy  has  been  acquired  through  a  |>ost-morteni  wooidi 
and  experimental  inoculation  has  been  successfully  performed  iipcn  a 
eriminal.  Actinomycosis  has  l>een  transmitted  frotu  man  to  anim«lt. 
The  term  infective  gnumlomatu.  though  adopted  at  a  time  vrlien  thdr 
real  nature  was  little  understood,  seems  l>etter  fitted  than  any  other  t0 
express  the  nature  of  the  lesions — tumour-like  lK>die«,  coiisistln|;  of 
granulation-tissue,  and  locally  or  generally  infective. 


TUBERCI^   AND   TUBERCULOSIS. 

Tabercnloiifl  is  a.n  infective  discjise,  wliich  u  chAmctcfiMil 
anatomically  by  the  fonnation  of  those  small  nodular  lesions  knovB  m 
taberclei.  The  distribiition  of  these  lesions  may  Iv  more  or  \a$ 
grnerat — acute  general  tubercnlosis;  or  they  may  lie  limited  t« 
small  areas — e.g.,  a  pleura,  or  the  synovial  membrane  of  a  joint — tonl 
tubercaloiis.  The  latter,  as  a  rule,  runs  a  much  more  chronic  ooanc 
than  the  ftinner,  and  perhaps  its  chief  danger  is,  that  it  may  serve  as  a 
focus  for  general  infection. 

The  virus  of  tubercle  does  not  always  produce  notlules.  L 
divided  tubercular  lesions  into  the  nodolar  and  the  infiltratiaf  •  In 
the  latter  case  a  diffuse  inHammation  is  found,  and  niictxi»co|ik 
examination  shows  the  presence  of  numerous  non-vascular  coUcctioot 
of  cells,  not  aggregated  into  visible  nodules,  but  separated  bj 
ordinary  round-celled  infiltration.  The  presence  of  the  ordj 
tubercles  in  a  tissue  is  always  accompanied  by  more  or  lesa 
tion,  as  is  best  seen  in  serous  membranes. 


Tveaa^ 


NAKED-EYE  APPEARANCES  —Tubercles  ar«  dti 

into  two  varieties,  gT^y  and  yellow,  the   latter  beini;    later  »tagea 
the  former.     Grey,  ur  miliary  tul»erc]es  (|;rcy  granolaticma), 
greyish,  semi-translucent, rounded  bodies,  varying  from  just  visible 
to  nodules  the  size  of  a  pin's  head,  or  larger.     Tliey  are  firm  and  thai' 
like,  distinctly  circumscribe<l  and  prominent  above  tlie  surface  ol*  tbr 
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section.  Yellow  tubercles  are  generally  larger^  less  regular,  less 
closely  defined  and  softer  than  tlie  grey.  They  may  even  form  masses 
the  size  of  a  cherry  or  small  walnuL  In  some  cases,  most  of  the 
^tubercles  present  are  grey,  whilst  in  others,  all  are  yellow  ;  lint  it  is 
frequently  possible,  in  the  same  case,  to  trace  every  stage  in  the 
formation  of  a  yellow  from  a  grey  no^lule.  Fatty  degeneration, 
commencing  cenlrally,  is  tlie  main  cause  of  the  difference  between 
them.  A  large  mass  of  yellow  tubercle  is  fonned,  not  by  the  growth 
of  any  single  tubercle,  but  by  the  blendfng  of  several  arising  close 
together.  It  is  often  possible  to  recognise,  round  a  yellow  cheesy 
mass,  a  narrow  gelatinous  zone,  consisting  of  grey  tubercles.  Grey 
tubercles  may  be  also  seen  radiating  from  the  cheesy  focus  into  the 
surrounding  tissues,  thus  indicating  that  infection  from  the  central 
mass  leads  to  the  formation  of  fresh  tubercles  in  its  immediate 
neighbourhood,  and  these,  as  they  enlarge  and  degenerate,  become 
part  of  the  central  mass.  A  yellow  mass  thus  formed  is  called 
conglomerate  tubercle. 

SEATS. — The  skin  and  subcutaneous  tissue,  the  mucous 
[nnembranes — respiratory,  alimentary,  and  genito-urinary — and  the 
serous  and  synovial  membranes  are  very  commonly  aflfeeted  ;  so  also  is 
the  pia  mater.     The  dura  mater,  the  ependyma,  and  the  endocardium 

irely  suffer.  Tubercles  are  frequent  in  the  lymphatic  glands,  lungs, 
liver,  spleen,  kidneys,  and  testes  ;  less  common  in  the  brain  and  spinal 
cord,  adrenals  and  prostate ;  rare  in  the  heart,  salivary  glands,  and 
pancreas  ;  and  very  rare  in  the  mamma,  ovaries,  thyruiii,  ai»d  voluntjir)* 
muscles.     They  are  common  in  bone,  especially  in  t)ie  cancellous  {>art. 

^hey  are  particularly  common  in  childhood  and  early  aduit  life,  but 
10  age  is  exempt. 


HISTOIjOGY. — On  examining  microscopically  even  the  xmalUxi 
lubvrcU  vmihie  to  the  naked  ej/e,  it  is  found  to  be  made  up  of  a  collection 
of  still  smaller  tubercles,  each  of  which  as  a  rule  contains  the  following 
elements  :  (I)  centrally,  either  one  or  more  multinucleated  giant-cells 
(I'igs.  131  and  133),  or  some  granular  debris  surrounded  by  giant-cells  ; 
(^)  outside  the  giant-cells  usually,  but  by  no  means  Invariably,  large 
cells  with  big  nuclei  and  granular  protophism,  otlen  called  epithe- 
lioid cells ;  and  {^)  outside  these  again,  a  zone  of  lymphoid 
elements,  which  has  no  definite  external  or  intenml  limit.  The  giant- 
cell    or   cells   in    many    cases   send   off    processes    which   anastomose 
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and   fonn   mi   open   network   (FijE^.    ISS),   in  which    the  otbcr 
especiAlly  the   epithelioid^    lie.     The   lymphoid  cells  are   ooannoii^' 


''lO.  131.— vl  MuitinuiifQfftt  CtU  fnfm 
th^Lumg  in  a  C'asf  vf  ChntHtC  Pktkinst 
Allowing  ihc  Urge  number  of  nuclei 
witti  bright  nuclroU.     %  40a 


Flo.  132.—^  .l/a/rti... 

ing  the  long  limnctK'l  jirooc^o.  atUCft 
arr  condnaow  with  the  retkitkns  of  iki 
suiTouncling  indurated  growth.  Soas 
of  the  proorsscs  are  in  coQRcctiaa  lAlk 
aaalter  nsoleatcd  oinnaMa.     x  soa. 


Fig.  133. — JUuftiHkiUattd  and DmMthed  LtUt/wM  ,ijirm  ■ 
TubfrxU  of^ thi Lung  in  a  Cau  i^Attitt  Ttt^cHhsii,    v 
an:  Seen  in  the  immediate  vicinity  of  Uie  oeUi  rartfirinB  .11- 
ptioid  eleiuenis.    llie  bnuiched  prooeoei  ut  dlnedjr  can 

wiih  itie  rciicutum  of  itie  luberctc.     x  aoo. 
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FJG.  134, — A  pofiion  0/  a 
Orry  A/i/tary  Tubetcit  </ 
tht  l.uHg.  Showing  the 
reticulated  structure  often 
met  with  in  these  nodules. 


contained  in  tliu  meshes  of  a  homogeneous  or  more  or  less  fibrillatcd 
reticulum,  which,  in  some  cases,  especially'  in  slowly  develpped  lt;sions, 
is  wciJ  marked  (Fig.  \^^),  In  others  it  is  less  prominent,  and,  according 
to  nifiny  observers,  it  is  not  infrequently  absent 

A    noH'Viiscuiar    nodule    of   the    above   structure   is   the    anatomical 
ciianicterislic  of  tubercle,  but  it  is  not  microscopically  distinguishable 
rum  the  products  of  other  very  local  clu^nJc 
Inflammations.     Baumgarten  produced  typical 
"tubercles"  in  a  rabbit's  conica^  by  sticking 
fine  hairs  into  it.      Limlauie  states  that,  in  the 
lung-disease  caused  in  dogs  by  the  st tvtigtfiuji 
vfuorutH,  the  ova  and  embryos  may  be   seen 
in  giant-cells,  surrounded  by  zones  of  epithe- 
lioid and  lymphoid  cells.     In  Actinomycosis  in 
animals  an  exactly  similar  arrangement  of  cells 
^K  is  found  round  about  the  central  aclinomjfccx 
^^■or  fungus  of  the  disease. 

^H  Nor  can  the  above  structure  be  said  to  be  constant.  For,  especially 
^™in  acute  eases,  ending  fatally,  some  oi  the  tubercles  seem  to  consist 
F  entirely  of  small  round  cells— no  epithelioid  or  giant-cells  being 
I  visible.  In  the  lung  the  alveolar  epithelium  often  enters  largely  into 
^^  the  constitution  of  the  lesions.  TulH-rcles  visible  to  the  naked  eye  will, 
^^Hlowevcr,  generally  consist  of  aggregations  of  nodules  of  the  above 
^^Btructurc  (Fig.  102), 

Source  of  the  Cells  in  Tubercle. — Baumgarteu's  explanation  '\s 
the  one  most  generally  accepted.  According  to  him,  the  cells  are 
derived  from  the  local  tissue  cells,  including  both  epithelial  and  con- 
nective tissue  (fixed  and  endothelial).  This  observer,  exj>erimenting 
with  albino  rabbits  introduced  pure  cultures  of  tubercle  bacilli  into 
the  anterior  chamlwr  of  the  eye.  In  a  few  ilays  there  appeareil 
nuclear  changes  in  the  connective-tissue  and  endothelial  cells  of  the 
iris,  such  as  are  characteristic  of  cell-division  (p.  II).  These  changes 
were  limited  to  the  cells  in  which  bacilli  were  present.  They  were 
followed  by  proliferati*)n  of  the  cells  themselves,  which  then  gradually 
assumed  an  epithelioid  type.  No  nuclear  changes,  indicative  of  j>ro- 
liferatioii  of  any  form  of  leucocytes,  were  observed  ;  but  the  proliferating 
patch  waw  gradually  invaded  by  leucocytes,  until  they  quite  obscured 
the  epithelioid  cells.  Giant-cells  were  occasionally  present,  but  only 
in  tlie  later  stages;  when  present,  they  showed  no  sign  of  <livisiou  hut 
only  of  degeneration. 
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Mctchtiikoff  mainUiiis  thnt  the  cells,  believed  by  Buunignrtcn  to  be 
the  progen\i  of  coniiective-lissue,  Hre  mononuclear  Ieiic<K:yles.  In  tbc 
cuisr  ut*  the  hutg  he  admits  the  c-ndothelud  cells  uf  Uic  blcK>d-%esseb  to 
u  share  in  the  procebs,  and  also  attributes  to  them  a  phmgocyi 
function.  In  his  opiniun^  the  tubercle  is  formed  by  the  iKnui 
iHj/  by  the  proh/'traiion  of  phagocyte**.  Giant-cells,  according;  to  hii 
ai*e  phagocytes  that  have  combined  for  the  common  we«l ;  white  to 


\ 
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FlQ.  <35. — A  SiifgU  TttkixU,  iavisibte  to  (be  naked  eye,  from  ihe  livrr 
of  a  diild,  aged  five,  who  died  from  acute  tubetculosis..  A  (tatk(*oriB 
with  two  groupt  of  nuclei  and  several  bacilb  is  teen  near  Um  CHUVib 
Surruunding  it,  is  aw  oreA  of  conimcncing  caseation  in  whieb  the 
cells  uc  becoming  indi&iiiici.  Kavrlo[>ing  ihts  i«  a  <on«  of  obU* 
consisting  of  fibrobUsis  and  leucccytcs.  Tlir  leucocyics  nre  rmM 
nunicroosou  ihe  side  wbcre  the  casetilion  Is  most  advaaced.  llie 
whole  roasft  is  embedded  among  gTiinuloi  htcr-ccUs  In  ibc  inter* 
lobular  area,     x  a^a 

Bauinj^Arten  and  Kuch  they  are  solitary  individuals  that  have  tried  lo 
multiply,  butf  thouj^h  their  nuclei   have  divided   and   their   sitm 
increased,  have  failed  at  the  HnnI  6taf^e  of  ccU-ibvision.      In  p«rta  Inj 
\i-hieh  epithehiint  is  present,  as  in  the  lun^,  liver  (Fig.  I.^"  ..  iir 

testicle,  there  can  be  no  tpiestion  but  thnt  the  epithrlial  <____    -*pIt! 

fVeely.      In  a  lun^;,  affected  by  acute  niiliary  tuberculosis,  w«  fitid  tint] 
many,  even  Ihe  majority,  of  the  n<Hlutc?>  do  not  |)o•)Sc^s  tJic  Kmi 
structure  alnive  descril>ed,  but  are  collections  of  epithelial  cell*  kn 
alveoli,     (tiant  and  epitheUoid  cell**  may  be  preM*nt,  fonued 
frvin   alveolar    epithelium,  as    Klein  and   Chcyue   aMscrL      Kodi 
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regards  certain  pigment-containing  giant-cells  as  originating  in 
alveolar  epithelium,  iind  ([uotes  Cjiejaie's  observation  of  giant-cells  m 
the  alveoli,  in  support  of  his  view. 


SECONDARY  CHANGES— Ttibrrcle  invariahly  undergoes 
more  »>r  Irss  i;ilty  inetHiiiiir})hosis,  .-iiul  caseation  with  its  ultimate 
changes  (p.  5S).  In  souie  oases  the  nodules  may  become  develo|>e(l 
into  an  imperfect  fibroid  structure. 

Caseation.  -TIk-  ocrurrcnor  of  fatty  changes  and  caseationi  before 
the  vessels  have  develu|xd,  is  pmbaUly  due  to  the  action  on  the  sur- 
rounding tissues  of  some  substance  secreted  by 
the  bacilli.     This  may  also  account  for  the  ob- 
liternUon    of    pre-existing    blood-vessels,  which 
accompanies   the    spread   of  the    lesions.     The 
change  commences  in  ti»e  centre  of  the  nodule, 
this  being  the   part   first   develojied,   and   con- 
sequently   that    which   is   the   furthest   removed 
from  vascular  supply  :  it  is  also  the  jwrrt  at  which 
the  liacilli  are  at  first  most  numerous,  and  it  is 
therefore  most  exposed  to  their  deadly  influence. 
Tlie   noilule   breaks  down  into  a  granular  fattv 
debris,  so  that  its  central  iK>rtions  soon  become 
opaque  and  yellowish  (Fig.  136).     In  some  cases 
the  process  of  disintegration  is  rapid,  whilst  in 
others  it  is  more  gradual.     It  is  usually  most  marked  in  the  larger  and 
more   diffused   lesions,  and  hence  it  is  these  lesions  which  are  most 
commonly  of  »  yellow  colour  and  soft  consistence  ("yellow  tubercle  "). 
Fibroid  Change. — In  other  cases  the  retrograde  change  is  less 
marked.     The  central  |x»rtion    undergoes  fatty  degeneration    and    is 
more  or  \c^s  completely  absorlx.*d  ;   whilst  the  ring  of  leucot-ytes,  which 
intervenes  between   the   bacilli  and  the  healthy  tissues,  is  gradually 
n'placed  by  a  dense,  contracting,  fibrous  capsule.     Ultimatfly  a  mere 
scar  may  remain,  but  jioints  of  fiitty  degeneration  are  fr((|uenl  ami 
ni»y  undergo  further  changes. 

It  will  be  noted  that  tliis  "  fibroid  change  "  is  simply  the  encjipsula- 
tion  of  u  slightly  irritant  foreign  bmly,  and  might  take  place  in  exactly 
the  same  way  if  a  bullet  or  piece  of  wire  lay  in  the  tissues  instead  of 
tubercular  organisms  in  fatty  detritus.  This  replacement  of  the 
tubercular  tissue  by  scar-tissue  occurs  in  the  smaller  lesions  and  in 
many  of  larger  size  which  open  upon  the  inner  or  outer  surface  of  the 


Fig.  136.  —  (>«f  0/  tkt 
Gny  S%xiHtei  frvm  tkt 
tMHg    IH    (J     Oiw    ty 

which  is  l>rcoming 
opaque  and  soft  in  th« 
centre.  ( Diagmm* 
matic) 
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Ixxly,  and  from  which  the  infective  materia]  can  be  thus  dischanerd. 
The  change  ol>viou<«1y  tends  to  protect  the  organism  af^inst  frenrralisa- 
tion  from  the  focus  in  which  it  occurs,  and  indicates  that  the  tissue^ 
have  gained  the  upper  hand  —  they  have  imprisoned  the  bacilli. 
There  is  the  same  antajronJsm  between  the  organisms  and  the  tissues 
in  tubercle  as  in  other  diseases,  and  the  resisting  power  of  the  tissues 
may  also  be  sufficient  to  enable  them  in  the  long  run  to  overcome  thr 
invaders — a  fact  for  some  time  overlooked.  But  frequently  the  prr- 
disposition  of  the  tissues  to  suffer  from  tubercle  is  so  great,  or  Ihc 
dose  of  the  orjjanism«i  is  so  large — as  when  most  of  the  content* 
of  a  small  cavity  which  had  just  burst  into  a  bn^nchus  is  sucknl  hy 
inspiration  into  other  air-tubes— that  a  widespread,  diffuse  inflanmu- 
tion  results ;  and  the  more  extended  the  lesion,  the  more  rapidly  and 
freely  the  inflammator}'  products  caieate. 

Sometimes,  es|)ecially  in  cases  which  have  nm  a  chronic  course,  and 
in  which  the  diagnitsis  may  have  been  "  chronic  bronchitis,*'  hard. 
glassy  bodies,  of^en  specked  with  black  pigment,  are  found  in  the 
lung-tissue.  There  is  no  caseation,  and  the  microscope  shows  the 
masses  to  consist  of  almost  hyaline  fibrous  tissue.  This  complete 
fibroid  transformation  is  said  by  Birch- Hirschfeld  to  occur  occasionally 
in  lymphatic  glands,  and  is  olten  thought  to  indicate  that  the  bacilli 
are  dead.  On  the  other  hand,  while  the  caseated  material  |)ersists. 
the  focus  remains  infective,  and  the  organisms  or  their  spores,  though 
quiescent,  are  alive. 

Calcificfttion  fretjuently  ensue<i  ujHm  caseation,  when  the  cheesy 
pnxhicts  become  ent.'a|)su1t'd.  and  almost  :dl  Hnid  is  alKorlM*d  :  thr 
deposit  of  earthy  s;ilts  in  this  truly  cheese-like  material  convert* 
it  either  into  a  gritty  njass  or  into  a  more  or  Irss  im*guUr  stony  lnnly. 
Caseous  mescntrrif  glands  .-ire  esiK-cially  pnme  to  this  infiltration. 

Sections  of  tliesr  valc-ireous  niKhiles.  when  decali-ified  and  exaniinrd 
under  tlie  mii'nKiH»]K\  are  sn-n  to  consist  ohieHy  of  a  series  of  con- 
centric layers.  Thrsi*  layers  are  c«nn|iitsrd  »»r  a  substance  which, 
according  to  Metrhnikittf.  ;>;i\t*s  the  sjune  reactions  as  that  fonninff 
thr  en\<,-Io|»«'s  of  thr  tiilHTrU-  Kioilli.  .Vrguin::  fn.*m  his  t-xiierimrnt* 
on  Alirvrian  nits.  Iu»  maintains  that  the-e  lavrr*  an*  fonned  by  succes- 
sive secretions  of  the  Uieilli.  and  that  they  su1»sequentlv  N*conw 
infiltrated  with  phtwphate  %*(  ealiiinn.  Acci»nlintf  to  his  vit- w.  the  <wi- 
centric  layers  would  seem  li>  W  the  lines  of  defence  which  the  luanll: 
throw  up  against  the  ad\aneing  ])liag<K*ytes.  while  the  ealcificatk* 
i<  the  investing  earthwork  hy   wliieh   the  attaeking   pha|v%icvtes  seek 
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enclose,  and   to  rrtliiro  by  starvation,  the  orgAnisins  they  cannot 
aoh,  or  reaching,  cannot  destroy. 

Softeni&g  and  Clironic  Abscess. — CAAeous  mAsses  do  nut  always 
dry  up  and  become  enwipsided,  but  al\en  soften  and  break  down  into  the 
pus  of  a  chronic  abscess;  and  even  when  they  have  become  encapsuled 
an<|  calcified,  softening  may  occtir  round  about  them  :  a  chronic  abscess 
Is  then  formed,  and  the  dead  maten'nl  is  discharged.     It  is  the  smaller 
encapsuled  focij  and  especially  those  which  lie  deep  in  the  substance 
of  organs,  that  become  dry  and  calcified  ;  whilst  the  extensive,  diffuse 
lesions,  and  those  lying  near  u  skin  or  mucous  surface,  tend  to  s(»llen. 
In  other  words,  the  less  the  resistance  of  the  tissues  to  the  infective 
process,  or  the  greater  their  proncncss  to  bo  irritated  by  the  tuber- 
cular organism,  the  greater  is  the  tendency  to  softening.     It  seems 
likely  that  this  irritation  of  the  tissues  is  the  cause  of  the  exudation  of 
fluid  into  the  cheesy  mass,  and  that  this  exudation  ehjuiges  the  latter 
I       into  a  chronic  abscess  ;  for  an  examination  of  the  "pun"  of  a  chronic 
I       abscess  shows  that  it  consists  chiefly  of  fatty  granules  suspended  in 
^nfluid,  with  here  and  there  a  fattily  degenerated,  granular  leucocyte. 
^^The  fluid,  therefore,  is  quite  different  microscopically  from  that  of  an 
F      acute  abscess  (p.  '28.'i).     It  differs  also  to  the  naked  eye,  being  generally 
I       whiter  and  thinner  than  (rue  pus,  while  it  often  contains  curdy  masses, 
which  maybe  either  gritty  or  stony  from  calcification.     The  "pus" 
of  chronic  abscess,  being  thus  formed  by  the  suspension  in  an  albu- 
minous fluid  of  fatty  [wirticlcs  derived  from  the  fatty  degeneration  of 
cells,  has  received  the  name  of  "  {mthological  milk."     The  enormous 
majority  of  chnmic   abscesses  are  of  tubercular   origin  :   a   tubercle 
forms,  spreads  and   s(»ftens  as   above    described— the    originally    firm 
swelling  becoming  more  and  more  fluctuating  as  the  softening  pro- 
ceeds.    So   chronic   is   the   process   that   there   is  often  no   sign   of 
inflammation  until  just  before  the  "abscess"  bursts,  when  the  tense 
skin,    where    it    is  ]}4)inting,  becomes  red,    shiny,   and    progressively 

E thinner.  L-Itinwtely  the  epidermis  bursts,  and  the  cavity  discharges 
Its  contents.  The  wall  of  such  a  cavity  in  lined  by  a  thick  layer  of 
pale  purplish  granulation-tissue,  in  which  arc  yellow^  foci.  This  lining 
is  so  loosely  adherent  to  the  surrounding  tissues  that  scraping  with  a 
shar()  sj>oon  e/tsily  detaches  it,  and  brings  it  away  either  entire  or  in 
large  pieces.  The  tissues  beyond  it  are  not  infiltrated.  It  is  very 
important  that  the  wall  should  be  removed  from  such  abscesses,  as 
well  as  the  base  fron»  any  ulcers  resulting  from  their  bursting;  for 
the  granulation-ti*isue  is    infected  by   tlie   tulxrrclr  bacJili,   and   will 
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continue  to  caseate  and  soften  in  spots,  and  pcrliaps  slowly  lo  Inra^ 
stirrounding  parts.  Healing  is  impossible  until  the  diseased  hfyrr  hat 
been  cast  off,  and  replaced  by  henltJiy  granulatiou-tiMUC. 

'I'liis   account   of  the    formation  of  a  chronic  alwces^  hold^  gooA 
wherever   it    may    apiH»ar:    in   the   subcutaneous   tissue    (nrAncfoMMMv 
xtrujHOMjt  HO(Mt,  so  common  in   children) ;  in  a  lymphatic  gUnd  (tbf 
xtnimoux  ahxvrxx  jpor  rrcrf/cttcr) :    in    the  lung,   wliere   s«MHirr  or   UtXT 
it  bursts  into  a  bronchus^  discharges  its  contents,  and   forma  a  '^•••(f, 
or    tHnnica ;    in    the   thickened    synovial    mcml 
joint  {H'hitt  9tn'tlhtg) ;  or  in  A  bone,  i\s  is  seen 
'J'he  chronic  abHcesscs  which  arise   in   connection 
especially  those  of  the  spine,  are  frequently  called  gmiitalum  ahgemta^ 
because  (he  pus  often  nins  long  distances  among  the  sofl  |kart5  bcftifr 
it    reaches  the  surface,  and   usually  in  a  direction  towards  tlic  fed 
Bui  extension  by  no  means  always  occurs  in  this  direction,  and>  wImh 
it  di>eH  occur,  is  not  arrested  by  placing  the  |»aticnt  in  the  horixi 
position.     We  may  therefore  conclude  that  in  these,  as  in  all 
cases,  the  pus  sprrnds  in   the  direction  of  least  resistance,  and  tl 
gravity  has  con»|>nrativcIy  little  to  do  with  it.      Instances  ]ia%r  h 
recorded  of  atiscess  starting  from  the  lower  dorsal  or  lumbar 
entering  the  sheath   of  the  jwoas,  causing  gradual  absorjition   of 
muscular  fibres,  working  its  way  l>encatli   Poupart's  ligament, 
the   course    of  the    profunda    arterj',   jjassing   through    the    adductar 
mngnus  into  the  popliteal  space,  penetrating  brtwern  the  uipcrficiat 
and   ileep  }H>sterior  leg-muscles,  and    tinally    (minting   by   the    Imer 
malleolus.      Such   an   abscess   is  contained   in   a  dense   fibrous  abestk, 
formed  by   inHnmmntory  thickening  of  the   iiatumi  connectivtNtlnne. 
This  sheath  ii  sometimes  strong  enough  to  l>e  dissected  out  and  driedL 
The  cavity  is  crossed  by  stoutish  l)ands>  many  of  which  cont«iu 
ami  rare  nuist  be  taken  lest  a  Ongcr  intnxluced  during  life  tear 
The  inner  surface  of  the  cavity  is  but  slightly  vascular — the  contiMt 
lictween   the  chronic   and  acute  alwcess   in    this   respect   being  fcry 
marked.     It  is  usually  coated  with  a  cheesy  de|)Osit  of  irregular  thick- 
nesM,  beneath  Hliich  lies  a  very  thin  layer  of  grnnulatioci-liwoe.     At 
the  upper  extremity  i«  the  diseased  Ixmc — iUcJiuui  rt  origo  auUormm, 

In  the  pus  of  these  abscesses,  no  organisms  can  be  diacoveteil  faf  j 
the  means  at  present  in  use,  yet  the  pus  is  Infective  and  prodncei 
general  tuberculosis  when  injected  into  animals. 


RESULTS.— liccovery  may  occur  af\cr  the  discharge  or  coinpldr| 
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removal  of  all  tiilicrculitr  tissue.  Under  these  circumstances,  healthy 
granulation-tissue  springs  up  and  deveIo]>s  into  a  scar,  filling  up 
and  drawing  together  the  cavity  of  the  abscess  or  ulcer.  There  is 
always  loss  of  substance. 

In  the  condition  known  as  obBOleicence,  the  caseous  focus  is 
surrounded  by  a  dense  fibrous  capsule,  oflen  with  radiating  bands 
jmssing  from  it  into  the  surrounding  tissues.  It  is  often  seen  at  the 
apices  of  lungs,  and  nmy  ser\'e  as  a  practical  cure ;  but,  theoreti- 
cally, it  is  not  one  unless  the  tubercular  organisms  are  dead,  for 
they  may  at  any  time  be  carried  from  the  focus  into  the  system  at 
large. 

I-iistly,  death  frctjuently  results  from  tuberculwr  processes,  botli 
general  and  local.  The  acute  general  tuberculoses,  affecting  cliiefiy 
meninges,  lungs,  and  peritoneum,  kill  by  their  general  toxic  effect,  by 
fever,  and  by  interference  with  the  functions  of  vital  parts — e.g.^  the 
functions  of  essential  cerebral  centres  may  be  arrested  by  the  com- 
pression of  the  effusion.  Chronic  local  tuberculoses  kill,  either  by 
leading  to  a  general  outbreak,  or  l»y  exhaustion  frtiin  fever,  pain,  and 
profuse  and  prolonged  discharge — especially  when  septic  processes  are 
superadded  (p.  828).  Indirectly,  a  tubercular  process  may  open  the 
^^^oor  to  some  infective  wound-dis4'Ase  such  as  erysipelas  or  pytemia. 

^^  JETIOLOGY  AND  GENERAL  PATHOLOGY.— In  1857, 
I  Buhl,  connuenting  cm  Ihr  vi-ry  trcipicnt  pn'seiice  of  cuseous  foci  in 
I  general  tuberculosis,  and  on  the  local  infection  which  often  occurs 
round  such  foci,  promulgated  the  view  that  a  poison,  capable  of  giving 
rise  to  tuberculosis,  was  generated  during  the  caseation  of  inflammatory' 
products.  Casentmn  was  the  one  essential  feature.  Virchow,  however, 
pointed  out  that  caseation  occurred  in  new  growths  and  under  circum- 
stances in  which  all  connection  with  tubercle  could  be  negatived. 

In  I8()J>,  Villemin  matle  numerous  experiments,  which  seemed  to 
demonstrate  tlic  infective  nature  of  tuberculosis.  He  placed  tuber- 
cular material  beneath  the  skin  of  rodents,  and  general  tubercle 
developed.  Villemin  believed,  therefore,  that  tuberculosis  was  a 
disease  due  to  a  s|>ccific  poison  contained  in  the  foe'  (if  the  disease. 
His  experiments  were  repeated  by  Cohnhcim  and  Friinkel,  Wilson 
Fox,  Sanderson  and  others,  who  found  that  tuberculosis  followed  the 
inoculation  of  cheesy  material  which  wjls  presumably  not  tubercular, 
and  even  such  simple  inflammation  as  resulted  fnmi  the  insertion  of 
tia,  of  vaccine  virus,  and  bits  of  cork  or  |>aper.     Sanderson,  how- 
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ever,  concliulcd  tliat  nothing  itKlucetl  tulwmilosis  9rUh  suck  cerUmtjf 
materinl  taken  from  an  undoubtedly  tubercular  source. 

Klebs  pointed  out  that  pus&ibly  the  non-tubercular  materijii  miKl 
have  become  contaminated   by  the   tubercular  vims,  ak  at  thai 
precautions    were    not    very    stringent.       It  was    proluable,    ton, 
in  many  cases,  where  septic  materials  were  used,  the  process  ttulorrd 
was  pyermic. 

It  then  occurred  to  Cohnlieim  and  Salomonsen  to  select  the  anterior 
cliamber  of  the  rabbit'H  eye  as  the  jwint  of  innculatiua.  Here  tlw 
results  of  the  inoculation  could  be  watched  from  day  to  day,  and  as 
primary  spontaneous  tuberculosis  of  the  iris  liad  never  been 
rabbits,  llie  possibility  of  i\\\s  could  bo  excluded.  It  wan  tliuii  proved 
whilst  inoculation  of  »rt«-/M/«Tr«/rtr  material  into  the  anterior 
uf  the  eye  invariably  failed  to  induce  tul>erculosis,  tht*  inooulatkm  of 
tHftrrcuhir  material  produced  tubercles  in  the  iris  and,  n  little  latrr,  in 
the  Ixxly  at  larpe.  The  pr<x»f  of  the  infective  nature  uf  the  tubercnlar 
process  was  thus  completed,  and  it  was  further  shown  that  tobevenkr 
materials,  from  widely  different  sources,  cnntainetl  the 
Tappciner  caused  do^  to  inhale,  daily  for  fourteen  days,  six 
tubercular  sputa  delivered  during  six  hours  from  a  spray  into  a 
box  cont-iiiniu^  the  animal :  all  became  tuberculous,  the  twenty-third 
day  being  the  earliest  upon  which  tubercles  were  found,  Tbas 
tubercle  came  to  be  regarded  as  a  xprci/t^c  infniioux  dUeaie. 

Many  of  those  who  hold  this  belief  sus]>ected  that  the  vims  wm  ft 
vegetable  parasite  and  searched  for  it.  between  1877  UmI  IMI 
several  premature  announcements  were  made. 

I1ie  next  publication  was  Koch's  paper.*     By  a  special  prtKeoi 
staining  he  first  demonstrated  the  constant  presence  of  pcculi 
in  eleven  cases  of  acute  tul>erculosi^,  twelve  cases  of  checny 
pneumonia,  one  of  tubercular  noilule  in  the  brain,  and  two  of  An 
tid>erculosis  in  man.     Ten  canes  of  [)erlsucht.  and  castrs  of  xporot 
tubercle  in   monkeys  and  other  animals  were  investigated  with  a 
result;  and  Hnally  the  bacilli  were  found  in  n  large  number  of  rtidmtA 
five  eats  artificially  infected.    As  proving  that  the  tubcreulusis 
from    the    inoculation    and    was   not    accidental,    there    waa    (1) 
invariable   coincidence ;    (2)    the    more    rapid    development    at 

•  "D.  ."Etioloule  d.  TulwmiJnsff  i"  Btrf.  ktim.  VVihkirkr^'So.  15.1*80.  titt 
on  ih"  same  subject  in  the  .\tifth^il.  nut  dem  iU*nnJheitutmt»,  vol.  Ilu  tV&i, 
Utpd  in  the  Nrwr  Syilanlam  Society's  '*  Micropanuite*  in  l>tivuar,"  is  ftiQEr,  «aA 
be  rend  by  all 
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arlificinl  than  of  the  spontaneouR  tuberculosis  ;  (3)  the  enrly  infertioii 
of  the  glftn<U  nearest  the  seat  nf  inoeulatinn,  wherejis  the  bronchial 
glands  usually  cnlarijf  first  in  spontaneous  disease;  and  (4-)  control- 
experiments  in  which  nuiinals  were  treated  exactly  as  the  inoculated 
animals  were,  with  the  single  exception  that  no  living  baciUi  were 
introduced  :  in  these  no  tuberculosis  occurred. 

Finally,  the  bacilli  were  cultivated  at^S"  F.  to  lOO-i"  F.  (37"  to  HH"  C.) 
in  sterilised  blood-scrum.  After  thus  passing  through  many  generations, 
these  baciUi  were  suspended  in  distilled  water  and  injected :  they  then 
produced  tuberculosis  as  surely  as  did  the  oripinnl  material. 

These  results  have  since  been  fullv  conlirmed.and  their  truth  is  now 


Fig,  137.— Tw^trfr  HaeilU  in  Ciant-CeU. 

I^rom    mbrrciilosis    of  hofs/».      y  600. 
(Chcync. ) 


Fig.  ffi.—Ttt^nUBaHiii,  from  a  colony 
on  hlood-serum.  showing  thr  \va\-y 
paralld  lines,      x  500.     [AfiM  Koch.) 


unquestionecl.  We  are  therefore  justified  in  believing  that  the  bacillus 
tuberculosis  is  the  cause  of  nil  tubercular  processes.  Its  presence, 
rather  than  any  anatomical  structure^  is,  at  least  in  the  early  stages, 
the  essential  characteristic  of  tul>erclc. 

Characteristics  of  the  Bacillus.— The  bacillus  is  '2  to  fi  ^  long, 
two  or  threcj  placed  end  to  end,  making  up  the  diameter  oi  a  red 
blood  corpu9<'le.  It  Is  very  thin  (J  to  J  of  length),  motionless, 
and  rounded  at  the  ends.  It  can  be  stained  with  /iehl's  Huid 
(p.  .'J.n),  or  by  Gram's  method  (p.  .'i:>0).  It  has  generally  a  beaded 
appearance— clear  spots  (4-  to  8)  alternating  with  stained  ports.  The 
bacilli  are  usually  straight,  but  may  he  curved ;  they  occur  singly,  but 
ftonietimes  in  pairs.  Multiplication  is  very  slow  and  tjikes  place  by 
fission  and  possibly  by  spore-formation,  though  this  is  uncertain.  jVs 
a  rule,  the  bacilli  arc  found  in  the  cells  of  the  tubercle,  es|)ecially  in 
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giant-cells  opiKisitc  to  the  nuclei.     They  «re  well  «ho«rD  in  Uie  ir- 
compaaying  drawing  (Fig.  Mil). 

The  organisms  can  \ye  cultivated  on  media  containing  glycerine  m 
blood-scrum.  They  are  aerobic,  but  as  ihey  gravr  only  at  higfc 
temperatures  82'  F.  to  108"  F.,  they  probably  do  not  multif^y  outudr 
the  body,  but  live  a  wholly  parasitic  life.  To  the  naked  eye  (i 
I'rontispiece),  the  colonies  have  a  heaped  up,  scaly  ap|>cttnuice, 
examined  under  the  microscope,  the  margins  n(  the  oolonics 
peculiar  wavy  form  due  to  parallel  cliittns  of  organisms  foil 
Aame  curve  (Fig.  138).  Although  the  Iwcilli  d«>  not  mtMpfy 
the  body,  they  can  /rir  for  a  long  timc>  having  l>een  found  to 
their  virulence  after  existence  for  forty-three  days  in  putrid  8|iatanBr 
and  for  one  hundred  and  eiglity-six  in  the  drj'  state.  In  putrid 
they  do  not  long  hold  their  own  against  tlie  rapidly  multiplying 
organisms,  which  arc  specialty  adapteil  for  the  ordiiury  rondi 
external  to  the  body.  It  is  in  the  state  of  "  dust "  thai  we  are 
likely  to  meet  with  tubercle  bacilli  in  uur  surroundings,  and  obvinMly 
this  is  the  state  in  which  they  «re  most  fit  to  cnusc  n  fresh  infccUoa. 

With  regard  to  the  origin  of  the  tubercle  baciUas  fran  tmm 
non-pathogenic  form,  no  other  bacterium,  even  under  such  fovooniUr 
conditions  as  the  bodies  of  rabbits  and  guinea-pigs  preftent,  ha»  bvKB 
found  to  develop  any  of  the  peculiarities  of  the  tubercular  orgaotani. 
Nor  are  there  at  present  any  facts  known  as  to  circumfttancnt  nndit 
which  its  virulence  can  be  modified — increased  or  attenuated.  Nrart^ 
two  years'  cultivation  external  to  the  body  caused  no  cfaan^  in 
latter  direction  (Koch).  We  must  conclude,  therefore,  th«t 
tubercle  bacilli  multiply  only  in  the  Ixxly  of  man  or  sonic 
nnimal,  and  that,  consequently,  the  bacilli  which  cause  m 
infection  vrnne  either  directly  or  indirectly  from  s<m»e  tub 
individual. 

()l»viously,  Jill  cases  of  tubercular  disease  in  man  are  not  cqualTrl 
prone  to  diiseminate  the  bacilli.  These  may  l>c  elimiuatni  «itii< 
the  ((putuni,  the  faeces,  the  urine  (in  tuberculosis  of  the  g«nito-iirinan 
tract),  and  discharges  from  tubercular  ulcers  and  absceMeSp  but  tht 
first  is  the  only  common  source  of  infection.  When  wc  considpT 
nliout  one-seventli  of  mankind  die  of  phthisis,  and  tluit  In  all 
which  cavities  form,  the  |>aticnts  for  weeks  or  months  are  cxi 
large  quantities  of  bacilli,  we  see  that  this  one  nourcc  U  capable  «f 
keeping  up  an  ample  supply.  T)ie  bacilli  expelled  by  i-ou^h  vilii 
small  particles  of  mucus  may  be  directly  inhaled  by  the  healthy ;  bat 
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tputtttUf  which  dries  upon  handkerchiefs,  bedclothes,  and  woollen 
garments^  thence  to  be  detached  as  dust.  a|)peurs  to  be  the  most 
fertile  source  of  infection.  Bacilli  found  in  the  air  are  usually  adherent 
to  some  bit  of  vegetable  fibre^  Imir,  or  epidermis. 

Tubercular  disease  in  animals  is  also  a  frequent  source  of  infection 
to  man.  It  is  tnxe  that  they  produce  no  sputum,  that  few  or  no 
bacilli  are  ex|>ellcd  from  their  lungs,  and  that  bacilli  are  not  frequent 
in  their  excreta ;  but  the  miik  itf  tithervitiar  auimafs  may  gi\G  rise  to 
infection.  As  it  contains  bacilli  only  when  the  niammse  are  tubercular, 
this  cause  is  e4isily  preventible^  if  dairies  are  efficiently  inspected. 
I^astly,  there  is  another  possibility  of  infection  through  the  ingestion 
of  ittbercuiar  meat.  This  can  undoubtedly  occur,  as  has  been  proved  by 
feeding  animals  on  tubercular  Hesh  ;  but  many  things  militate  against 
its  occurrence  in  ndttlls,  in  whom  primary  intestinal  tuberculosis  is  not 
at  all  common.  The  flesh,  if  visibly  diseased,  is  usually  rejected  ;  it  is 
generally  nused  above  100'  ('.  before  being  eaten;  the  disease  in 
animals  used  for  food,  and  especially  in  cattle,  is  usually  localised,  and 
infection  could  follow  only  upon  eating  the  tubercular  parts,  such  as 
the  lungs,  or  glands.  While,  therefore,  the  dumeslic  animals  are 
p(.ibsible  sources  of  infection,  in  the  majority  of  cases  the  disease  'n 
conveyed  from  man  to  man. 

The  bacilli  are  readily  destroyed  by  boiling,  by  sunlight,  by 
pcrchloride  of  mercurj"  solution,  and  by  carbolic  acid  ;  but  they  resist 
the  action  of  a  1  per  1000  solution  of  the  perchloride  for  some  minutes. 
A  iive  per  cent,  solution  of  carbolic  acid  acts  more  rapidly.  Desiccation 
witliuut  sunlight  does  not  de^itroy  them. 

Modes  of  Entry  of  the  Bacillus  into  the  Body. — The  sound 
skin  would  seem  to  be  impassable,  and  but  a  few  cases  have  been  re- 
corded in  which  infection  thntugh  nx}unds  has  occurred.  One  of  the  most 
concluMve  is  the  following ;  A  perfectly  healthy  woman,  with  no 
tubercular  history,  cut  her  finger  with  a  broken  vessel  containing 
sputum  swarming  with  bacilli.  Acute  inflamniator)*  symptoms 
followed,  but  subsided  under  carbolic  fomentation.  In  the  meanwhile 
a  small  subcut^ineous  nodule  of  granulation-tissue  developed  ajid  was 
removed  at  the  end  of  a  month,  the  wound  healing  by  first  intention. 

hen  came  pain  in  bending  the  finger,  a  swelling  extending  along  the 
endon  into  the  [Kilm,  and  swollen  glands— two  above  the  elbow  and 
two  in  the  axilla.  All  these  parts  were  completely  removed,  the 
wounds  healed  at  once,  and  no  further  spread  t^iok  place.  The  tendon- 
sheuth  was  full  o{  granulation-tissue  containing  numerous  tubercles; 
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the  glands  were  simply  hyperplnstic,  Bncilli  were  fairly  i 
\ynth.  Several  observers  have  stjited  that  (li*Lsectiiig 
tubercular,  because  they  have  constantly  found  tulwrrclc  bacUE  ll 
giant-cells  taken  from  degenerating  nudulc»  in  the  affected  skia. 
Moreover  these  warts  have  conunonly  arisen  after  contact  witfc 
tubercular  subjects.  Riehl  mid  Paltauf  regard  the  warty,  inlW»rd 
|>npilltp  AA  resulting  from  a  mixed  infection,  cocci  lxavlii|;  bees 
innc'ulntcd  with  the  bacilli.  Volkmann  exaniincd  one  CMe  at 
scrofulous  eccema,  and  discovered  the  bacillus  of  tubercle  in  tkt 
epithelial  and  other  cells.  He  therefore  believes  that  Lbeae  eatan^ 
uf  the  skin,  and  the  more  frequent  catarrhs  of  mucuuft  meakbnMg^ 
are  due  to  the  irritation  of  this  organism.  Certainly  IcsioDfe  of  UiJi 
kind  lead  to  the  development  of  strumous  glands;  and,  hi  order  l» 
account  for  the  apparently  primary  enlargement  of  su|>erficiBJ  gUDd^ 
Koch  put  forward  the  now  generally  accepted  view,  that  tlie  vnrrlliajt 
ha.s  really  been  preceded  by  some  scratch  or  slight  bttrc  (on  the  kkia, 
whence  lymphatics  puss  to  the  gland)  upon  wliich  tul>crcular  bacilfi 
have  fallen,  and  whence  they  have  been  conveyed  into  Hic  lynipWio 
too  speedily  to  interfere  much  with  healing.  I.astly.  tutierculoiii  k 
said  to  have  been  ctmveyed  by  vnvvinatioti.  The  evidence  t»  erf  tbc 
usual  fMJst  hw  kind,  and  the  statement  has  probability  agahni  it,  Ut 
the  hlixid  of  tubercular  animals  is  only  infective  in  tlie  moaA  aoatc 
cases  of  general  tuberculosis ;  and  the  children  from  whom  tW 
*' lymph  "  was  taken  were  probably,  to  all  appearances,  healthy. 

Lupus  is  fHissibly  another  illustration  of  tubercular  iafectloa  of  tihe 
akin  (p.  mO* 

'I'he  mxicona  membranei — pulmonary  und  digestive — oiiiftt  tbcfv- 
fore  ordinarily  afloni  passjige  to  the  bacilli  :  the  possibility  of  this  hai 
been  demonstrated  by  the  success  of  inhalaiiwi  ejyftrimtnlji  with  tlll■^•^ 
cular  sputa  and  cultivations,  and  of  fetding  exjrrrimmtt  with  tubei 
tissues.  Pulmonary  tuberculosis  being  imich  more  frrt|uent 
intestinal,  we  may  assume  that  Iwicilli  more  often  pass  into  the 
through  the  pulmonary  than  through  the  alimentary  mucoaa.  The' 
ditlicultics  in  both  ca^s  are  considerable.  As  reganU  the  tliomx,  t^i 
bacilli  are  draun  most  deeply  into  the  luug<i  by  deep  tnt(]i 
through  the  ftjtm  tmmth.  Evidently  they  cannot  lie  carried  beyond  tkej 
regions  of  the  tidal  and  complcmental  air,  and  will  therHnrr  Irj 
deposited  in  the  smaller  bronchi;  but  they  multiply  ho  aluwln  tJMt, 
they  arc  usually  e\}»elled  l>y  ciliary  action  and  coughing  Int 
seriously  injure  any  s|iot  luid  efTect  an  entrance.     To  cn.r    .  .  i,ti 
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do  thiSj  specially  favourable  circumstances  are  necessaryj  such  as  the 
removal  of  much  of  the  bronchial  epithelium  (after  measles);  the 
presence  of  bronchitis,  with  tenacious,  and  tlierefore  retained, 
secretion  ;  and  the  existence  of  pleural  adhesions  or  of  a  badly 
formed  thorax,  preventinjr  full  expansion  of  the  lung,  and  therefore 
leading  to  local  retention  of  secretions.  Primary  intestinal  tuber- 
culosis (which  would  occur  from  tubercular  food)  is  rare,  except  in 
children  ;  but  ulceration  of  the  bowels  occurs  once  in  every  three  cases 
uf  phthisis,  being  ap}>arent]y  due  to  infection  by  the  bacilli  lu 
swallowed  sputum.  Koch  says  tliat  the  intestinal  mucosa  oflers  a  less 
favourable  point  of  attack  than  the  pulmonary  ;  that  the  ailult  IwiciUi, 
like  anthrax  bacilli,  are  usually  destroyed  in  the  stomach,  whilst  tlie 
spores  escjii>e — so  only  spore-bearing  ImciIH  can  infect  the  bowel,  and 
these  only  on  condition  that  they  are  not  hurried  through  the  canal. 
Lastly^  it  seems  that,  just  as  a  superficial  gland  inuy  be  infected  from 
some  lesion  of  the  skin  so  sUght  as  to  escape  notice  and  to  leave  no 
trace,  so  the  bronchial  and  mesenteric  glands  may  be  infected  by 
bacilli  which  ]>ass  through  their  respective  mucosa-  without  leaving 
any  permanent  trace  of  their  }>ass<ige.  Instead  of  settling  in  the 
pulnionar\'  or  intestinal  tissue,  they  are  evidently  carried  on  by  the 
lymph-streanj  and,  in  the  majority  of  cases,  arrested  in  the  nearest 
ghmd,  though  the  arrangements  of  lymphatics  is  such  that  they  may 
be  at  once  conveyed  to  more  distant  pfirts.  The  affected  glands  enlarge, 
ate,  and  often  infect  others.     Such  cuseous  glands  act  as  reservoirs 

bacilli  and  their  spores,  and  too  often  prove  sources  of  more  or  less 
widespread  infection. 

It  is  well  known  that  in  young  children  the  iimgs  are  not  affected  in 
the  same  proportion  as  they  are  in  later  life,  that  the  disease  is  not  so 
localised,  and  that  the  lymphatic  glands  especially  arc  more  universally 
affected.  The  intestine  "ieems  in  a  large  number  of  cases  to  be  the 
jwrl  primarily  attacked  (p.  408),  even,  as  Woodhcad  insists,  in  those 
cases  in  which  [>utients  ultimately  succumb  from  disease  of  the  lung. 
l*hus  we  can  otien  trace  the  infection  from  an  old  calcified  gland  in  the 
uu'ientcry  to  the  relr*i-periti>neal,  |>osterior  mediastinal,  and  bronchial 
glands,  and  thcucc  to  the  lungii ;  in  which  organs  the  disease  radiates 
from  the  root. 

Having  no  power  of  Incomotion,  the  tubercle  bacilli  must  Ik-  carried 
through  the  pulmonary  mucosa  by  leucocytes  like  carbon  |>articles. 
'i'he  leucocytes,  wandering  short  distances  fr«»m  the  Kinphoid  tissue, 
lily  reach  the  surface  uud  there  meet,  enclose,  and  carrv  back 
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bacilli.     If  the  cells  sicken  nhilc  the  bacilli  survive,   tiic    latter 
find  themselves  in  some  place  wiiere  they  can  tlirive  and  multipiv, 
thus  tubercles  may  arise.     In   catarrhal  states  mure   phagocytes 
reach  the  inflamed  surface,  and  more  bacilli  arc  therefore  likely  to  h»' 
introduced  into  the  tissue. 

A  somewhat  strained  ajialog^'  may  be  drawn  between  the  coDcctMNM 
of  lymphoid  tissue  distributed  along  the  mucous  surfjicc*  ainl  KIme 
fortified  towns  which  ^ard  a  frontier.  The  lymphoid  mascs  serre  b 
garri^ions  from  which  leucocytes  issue  out  and  deal  with  any  urgaabon 
they  may  chance  to  meet.  Unfortunately  the  diseriuiioaUng  power  of 
the  phagocytes  is  not  equal  to  the  occasion,  and  they  sometimes  carry 
back  bacilli  whose  subsequent  development  reminds  one  of  the  old 
story  of  the  Trojan  Horse. 

Predisposition.-- Nothing  is  more  certain  than  that  IndiTidusb 
vary  in  their  liability  to  tubercular  discAses  ;  for  these  are 
commoner  in  the  young  than  in  the  old,  and  run  markedly  in 
Wc  have  no  knowledge  of  what  constitutes  this  predispositioii,  w\ 
may  be  inherited  or  acquired,  local  orgeneraL  A  small  flat  cbert 
a  tendency  to  catarrh  are  often  present  in  pei>plc  who  altimstrlj 
develop  phthisis,  and  the  absence  of  free  respirator^'  movcDienti  i» 
often  held  to  favour  the  entry  of  the  bacilli.  Often,  loo,  meioben  ti 
tubercular  families  are  specially  ex{M>»ed  to  infection  in  nursing  a  ock 
reUtive.  But  even  allowing  for  the«e  facts,  it  «ecn»  itnpaaiidblr  to 
believe  that  there  is  no  ditferencc  between  the  predisposed  aad  IIk 
immune,  save  that  in  the  latter  the  bacilli  do  not  gain  entrance ;  for  U 
is  so  much  more  probable  that  in  umny  eases  they  enter  but  lall  ta 
grow,  being  destroyed  by  the  ti^sue;^  How  can  wc  explain  acnlr 
meningeal  tuberculosis,  or  tuberculosis  limited  to  the  prhtoneunii  is 
lx>th  of  which  multitudes  of  t>acilli  must  have  been  thrvwn  into  kW 
circulation  from  some  bronchial  ghuid  or  otlier  focus,  unleaBwc  mmom 
that  the  iMicilli  cuuld  nut  develop  elsewhere  than  hi  the  meninges  cTH 
peritoneum  res]>ectivety  r*  How,  too,  should  we  otherwise  explain  tWB 
recovery  of  some  people  from  phthisis,  except  by  assuming  that  t^ 
soil,  which  was  at  one  time  favourable  to  tlie  growth  of  the  hafillitS 
became  later  on  unfavourable  ?  I'he  predisposition  seems  to  vary 
time  to  tune  in  Uie  life  of  the  same  individual. 

*  h  is  possible  tlul  a  single  infedioti  of  i)ir  iilcunt,  pet iciittl turn,  or  tiiiiliiMiiii 
be  spread  more  ur  leu  ntpidly  ovrr  the  whole  mcinliruic  iluuugh  Ui  Ismphatks  am 
mean»  of  the  movrtnents  o/  the  origans.    Il  u  dilBcttll  to  coaouw  on  fanfcaioo  of 
Sylvian  ineHcs  and  spnritd  a^oitui  the  lymph  stream^  from  Uk  bur  to  the  uiawjliy  < 
the  brun. 
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Development  In  the  Tissues. — Having  foum]  n  s]>ut  at  which 
il  cai\  ^row,  the  hrtcilhis  proceeds  to  multiply  :  most  Iwcilli  are  tjiken 
tip  by  cells  which  enlarge  into  giant-cclls  and  becoint*  ihe  centres  of 
typical  "tubercles"  (p.  385).  The  presence  of  these  in  a  tissue 
excites  more  or  less  inHnmniation,  often  so  much  that  we  find  the 
tissues  difl'usely  tnHltratedj  distinct  nodules  being  scarce  or  absent 
{wfi/tratittf^  variety).  Caseation  at  the  non-vascular  centres  soon  follows, 
being  preceded  by  congulative  necrosis  of  the  cells — due,  no  doubt, 
to  the  direct  action  of  the  products  of  the  bacilli.  The  nearest 
lymphatic  gland«i  often  l>ecomc  affected.  The  primary  lesion  may 
become  localised,  as  before  explained  (p.  "18*)),  or  it  may  act  as  a 
starting-point  for  fresh  infection. 

Modes  of  Spread. — (I)  By  Contlniiity  of  Tissue,  and  by 
Lymphatics. — This  is  the  way  in  which  the  masses  of  conglomerate 
yellow  tubercle  are  formed*  and  in  which  jwitches  of  infiltrating 
tubercle — such  as  of  the  skin,  strofuitt-iicrma — sprem].  It  is  supposed 
that  leucocytes  enter  the  primary  focusj  take  up  a  bacillus  or  a  spore, 
and  wander  out  again  along  fine  lymphatics  into  the  surrounding 
tissues,  there  to  sicken  and  swell  into  a  giant-cell  not  far  from  the 
|»arent  mass.  .\  fresh  tubercle  thus  forms  and  caseat'es,  and  its  margin 
coalesces  with  that  of  the  parent  mass,  which  in  this  way  gradually 
enlarges.  The  young  tubercles  fonn  the  greyish  translucent  ring 
round  the  conglomemte  mass  (p.  iiSC>)f  with  here  and  there  an  i»ff-shoot 
of  slight  length.  Hut,  occasionally,  a  Icucocj^e,  containing  a  bacillus, 
finds  its  way  into  a  lymphatic,  and  is  carried  by  the  lymph-stream  to 
the  nearest  gland.  The  situation  being  a  favoural)lc  one  for  observa- 
tion, the  process  of  infection  of  mesenteric  glands  from  jui  intestinal 
ulcer  may  sometimes  be  traced  by  tubercles  along  the  track.  Ponfick 
has  described  tul)ercles  in  the  thoracic  duct  in  cases  of  acute 
tuberculosis :  this  he  regards  as  evidence  that  the  bacilli  had  passed 
by  Uiis  channi'l  tu  the  blood.* 

(2)  By  Infection  of  one  part  from  another. — Examples  of  this 
are  easily  found.  Perhaps  the  best  is  seen  when  a  sudden  inspiration 
follows  the  bursting  of  a  tubercular  focus  into  a  bronchus,  and 
draws  the  infective  material  into  many  other  bronchi,  with  the  result 
that  a  caseous  pneumonia  develops,  beginning  in  numerous  patches  of 


*  Tbc  lymphoid  tluuc  is  not  only  the  inediiirn  by  which  the  disrasc  sprrads,  Jr  ii  also 
the  place  whrrc  the  lutwrck  bacilli  are  most  nctivcly  attacked,  and  where  ihcrcforo  Ihey 
arc  most  likely  to  tie  destroyed.  If  the  orgutiums  pass  the  lymphoid  tissue  in  ih^  mucous 
membrane,  thry  hnvc  slill  to  deil  with  the  lymphatic  glands  beyond. 
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"  racemose   tubercle "— i.f.,   the   tuliercular    tissue    i%    moulded 
racemose  forms  by  the  nlveoli  in  which  it  grows.     Other  cXAinpIrt 
the  infection  of  the   palate  from  the  tongue,  of  the   intri^tinr  fn 
swallowed  sputum,  and  of  the  lower  urinarj'  Irnct  from  the  kidnrr 

(3)  By  Veins. — Mugj^e  described  tubercular  inHUmtUiu  of  the 
nf  pulmoruuy  vessels,  es])eciaUy  veins^  in  pulmonary  tuborculo*U;  ukI 
Weigert  believes  that  this  actual  pY)wth  of  the  bacillus  into  the  cbts- 
lation  is  frequently  the  source  of  penend  infection. 

(4)  By  Arteries.  —  In  two  cases  of  death  from  acute  tubrrruloak 
pjuimined  res|>eetively  by  Koch  and  Cheyne.  there  were  prcMsit 
caseated  bronchial  glands.  lu  each  case  a  prrfiotu  iirirnf  i 
it'Uh  iix  u'fiU  iff/i/trfttett  mth  /«/*rrr/c.  'J'his  was  the  asxii^ictl  ori|rin  of 
general  infection. 

In  one  or  more  of  these  different  ways,  the  virus  reaches  the  bhxtd 
is  carried  all  over  the  body,  developing  when  and  where  the  condi 
are  suitable — in  the  lungs,  meninges,  joints  or  other  partv  If 
ftupply  of  virus  is  plentiful,  the  case  Is  likely  to  be  acute.  Ijirtmer 
used  to  teach  that  the  tubercles  appeared  in  crops,  dii^tinguUhed  l>y  lli* 
amount  of  degeneration  they  had  undergone.  'I'his  would  iudiaite  as 
intcniiittent  supply. 

Generalisation. — An  acute  miliary  tubereulosis  of  the  m 
lungs,  peritoneum,  and  various  abdominal  viscera  plainly  implies  ttul 
large  number  of  bacilli  have  found  their  way  within  a  short  f»paf« 
time  into  the  bltM»d  :  the  result  i**  jui^t  such  as  follows  the 
venous  injection,  in  rodents,  of  a  syringeful  of  n  ]>urc  cultivation  of  the 
bacilli.  As  it  is  inconceivable  that  bacilli  in  such  numbers  cttuld 
absorbed  so  rapidly  through  a  mucous  membrane  into  the  blood, 
necessarj'  to  assume  the  existence  of  some  priniarj-  focus,  % 
bacilli  have  multiplied,  and  whence  they  can  be  |K>ured  Into  the  Uond" 
stream.  The  pulmonart*  mucous  membrane  being  that  thrt>ug1i  iMtk 
bacilli  commonly  enter  the  system,  it  follows  that  the  focus  in  wlkkft 
this  multiplication  occurs,  and  whence  generalisation  usuallv  talnv 
place,  is  a  caseous  bronchial  ghmd ;  though  generally  there  i%  cv 
(»f  tubercular  disease  of  one  or  both  lungs  as  welL  Hut  a«nite 
tuberculosis  may  spread  from  any  localised  focus  containing 
liacilli.  Extension  by  means  of  any  lymphatic  ves<cl  lead«  to 
fonnation  of  tubercles  along  this  vessel,  or  in  glands  thrtNigh  which  tk 
lymph  passes.  If  the  Ihomcic,  or  right  lymphatic,  duct  be  affected, 
organisms  may  also  find  their  way  into  the  ^stemic  veinK 
would  next  reach  the  lungs;  and  the  twcilli  are  so  MtutU   lli.i!  ll» 
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wmiUi  easily  pasm  through  the  pulmonary  CHpiltanes  into  those  of  the 
systrmic  circtilntion. 

Xjixoited  Infection.  —  We  have  spukfii  of  wrw/r  gcurntt  miliary 
tuberculosis,  using  the  temi  in  contruclistinction  to  a  iocaliscd  tuber- 
culosis— r.g.,  a  mass  of  conglomerate  tubercle  in  the  brain,  or  a  caseous 
gland.  But  even  a  *' general"  tuberculoids,  due  apjMiri'ntly  to  the 
rapid  entrance  of  numbers  of  organisms  into  the  blood,  is  far  from 
being  really  general ;  for  while  the  lungs,  spleen,  and  liver  are  very 
frequently  affected,  the  voluntary'  muscles  and  mnmmte  (p.  385)  nearly 
always  escape.  Thus  we  have  a  series  of  regular  gradations  com- 
mencing with  the  most  widespread  miliary  tuberculosis,  and  including 
successively  cases  of  miliary  tuberculosis  limited  to  the  meninges  or 
peritoneum  ;  cases  of  multiple  in61traled  tuberculoses — ii\,  tubercle 
limited  to  glands,  skin,  or  bfjnes  and  joints;  ajid  finally  cases  in  which 
a  single  spot  of  skin,  a  single  joints  nr  a  single  gland  seems  to  be 
^^fected. 

^^f  As  we  have  l>efore  said  (p.  400)>  the  selection  of  s(>ecial  organs  in 
•'general  "  tuberculosis  secnis  to  indicate  special  predisposition  on 
the  part  of  these  organs.  There  is  no  re^ison  for  assuming  that  the 
bacilli  are  arrested  in  them  rather  than  in  other  parts.  The  same 
explanation  would  apficjir  applicable  to  cases  of  limited  miliar)'  tuber- 
culosis, and  may  |H>ssibly  l>e  the  reason  why  tubercular  meningitis 
affects  tlie  base,  rather  than  the  convexitj',  of  the  brain.  Again,  there 
seems  no  other  explanation  to  offer  of  what  seems  to  be  a  well- 
established  clinical  fact — viz,,  that  children  who  suffer  from  nudtiple 
lesions  of  skin,  glands,  Imnes  and  joints  do  not  develop  visceral 
tuberculosis  nearly  so  often  as  those  in  whom  »  single  joint  is 
affected. 

^K    Next,  M-ith  regard  to  the  dose  of  organisms  :  tliis  may  be  large 
^Hor  small.      It  may  be  single,  or  it  umy  l>e  repeated  at  longer  or  shorter 
intervals.     The   difl'erent   doses   may  come  from  the   same   or   from 
different  foci,  giving  rise  to  the  successive   "crops"  of  tul>erclc3  to 
which   Ijicnnec  drew  attention — the  more  recent    being   small    and 
grey,  and  the  older  large  and  yellow.     UTien  only  a  few  bacilli  enter 
the  circulation  at  one  time,  the  infiltrations  which  Ihey  excite  reach  a  far 
larger  size  than  they  could  |>ossibly  attain  in  the  speedily  fataJ  general 
cases.     Many  of  the   cases  in  which   single    glamls  are  affected  arc 
doubtle^ss  due  to  infection   from  small  wounds  or   tubercular   sores, 
ther  of  the  skin  or  of  the    mucous  membrane    from  which    they 
fbtain  their  lymph -supply.     But  many  cas<'s  of  localised  tuberculosiS| 
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especially  of  bone  and  joint,  admit  of  no  such  explanntion  :  tK* 
LHrlit'ves  to  be  due  to  the  entry  into  tlte  circulation,  and  |i 
in  the  afTeeted  part,  of  a  single  bacillus,  and  he  thinks  that  in  these 
coses — A3  in  those  of  widespn^/id  infection — the  nri^ani^ni   is  obtahml 
from  some  primary  focus,  usually  a  bronchial  glaml,  uhrnrc  it  Iua^m 
it  were  accidentally,  slip|>ed  by  the  lymph-path  into  the  blond. 
thinks  it  highly  improbable  that  even  a  single  organJ*ixn  could 
intou  capillar}'  of  the  lung  from  an  alveolus  without  cauMng  a  I 
cular  focus  in  the  lung  itself. 

The  seat  of  Infectioxi  nmy  not  be  without  effect  in  expUiniai 
some  peculiarities  of  the  disease,  and  should  lie  borne  in  mtiKL  S» 
to  heredity,  tubercle,  unlike  syphilis,  very  rarely  extends  in  atcpi 
fruui  the  |)arerit  to  the  fa*tufi :  Koch  found  that  guinea-pigs  pregDanl 
at  the  time  of  infection,  or  lH*coming  pregnant  soon  After,  did  not 
transmit  the  disease  to  their  young. 

It  is  im|>ussible  to  explain  why  some  tubercular  processes  irnniil 
local,  whilst  others  generalise.  Hlucking  of  lymptiatics^  m)n4nva«ion 
of  the  walU  of  blood-vessels,  feeble  local  growth  of  the  tMoDinw 
healthy  reNtstance  on  the  part  of  the  tissuet  in  geuend,  wmj  aionl 
hypothetical  explanations. 

Although   in   the  great  majority  of  cases  of  acute   tubercttloM^  a 
primary  cheesy  focus  is  found,  it  must  be  remembered   that 
per  *f,  has  nothing  whatever  to  do  with  the  prvductum  of  the  tul 
virus. 


Taberculosls  of  the  Pla  Mater  and  Brals. 
Tubercular    Meningitis.~ln    the   pia    ninter   the    tubrreul 


process  is  associated  with  iiiHanmiatiou  of  the  meningrfi  and  sun 
{larts  of  the  brain,  constituting  the  condition  known  as  ttthercalftr 
meningitla  (really  meningo-encephalitis).     This  is  almost    invanoiaf 
n  pirt  of  a  general  tuberculosis. 

'i'he  pn>ce8s  is  almost  exclusively  confined  to  the  pia  mater 
base  of  the  brain,  and  the  grtif  tuffercUs — which  may  casilv 
olKervatiou — are  seen  in  connection  with  the  small  arteries  in  t^ 
Sylvian  fissures,  and  are  deeply  seated  Ijetwecn  the  convoluticms^ 
few  scattered  granulations  are  frequently  visible  on  tlie  upper 
of  the    hemispheres.      (To    sec    the    tubercles,  strip   off  a    pkcr  d 
membrane,  with  a  Sylvian  artery  and  its  branches,  float   it  in 
and  spread  it  out  on  a  glass  plate ;  examine  over  a  dark 
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The  inflammatory  growth  originates  in  the  perivascular  lymphatic 
sheaths  which  enclose  the  small  arteries  of  the  piu  muter  (Fig.  139)  ; 
and,  by  a  double  process  of  proliferation  and  (p.  3H7)  infiltration,  com- 
mencing at  several  centres,  numerous  small  grev  nodules  arc  pn>duced 
around  the  vessel.  These,  which  are  distinctly  visible  to  the  naked 
eye,  cause  an  external  bulging  of  the  sheath,  and  a  diminution  in  the 
calibre,  or  even  complete  obliteration,  of  the  enclosed  vessel. 

The  localised  obstructions  to  the  circulation,  which  result  from  the 
pressure  of  the  ^lerivascular  nmlules,  increase  the  hypera-mia  at  the 


FlC.  1 39. —  Mtitdry  TuhertU  in  tht  Put  Mater.  Thr  doited  line  indicates 
the  original  size  of  the  txiberculiir  nodule.  K.  The  lymphatic  sheath. 
V.  The  blood-vessel.  F.  Elemcnls  withio  the  sheath,  x  loa 
(Corniland  Kanvier.) 


ba^t  of  tht  brain,  which  thus  becomes  exceedingly  vascular,  there  being 
in  some  cases  rupture  of  the  vessels  and  extravasation  of  blood.  A 
fibriiwus  transtidatiun  takes  place  from  the  hypenrmic  and  injured 
vessels ;  blood-corpuscles  escape  ;  and  thus  the  meshes  i>f  the  pia 
nutter  become  infiltrated  with  a  sero-fibrinous  or  puriform  liquid, 
which  tends  to  collect  in  the  grooves  between  the  convolutions.  Tl»e 
Kuburuchnoid  fluid  is  turbid  and  increased  iu  quantity :  pressure  within 
the  dura  mater  rises  steadily. 

These  changes  in  the  pia  mater  at  the  base  of  the  brain  are  attended 
by  hypenrmiaj  infiltration  with  leucocytes  and  Huid,  and  soAening  of 

ic  subjacent  cortical  substance,  accounting  for  the  early  delirium  and 
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hypersensitiveiies£  of  the  special  senses.  Tltr  rprndvnui  And 
plexus  also  become  exceedingly  v&scrular,  while  the  mUs  i 
the  fornix  and  the  toft  comrnUsurtj  tojtm.  The  lateral  rmtnclrs  bccorae 
progressively  HUifndai  uith  fluid  {acute  hfdroctjJtaimt),  so  that  the 
amvolutitrnj  on  the  surface  of  the  hemispheres  MTC  found  prcsacd  -g-*— * 
the  skull  and  JiaUened,  It  is  uncertain  bow  lar  this  fluid  b  d»e  le 
local  infiamnutory  exudatiun,  and  how  far  to  dropsy.  The 
generally  causes  marked  prev^ire  ujKin  the  veins  of  Galen  m 
entry  into  the  straight  sinus.  All  tmce  of  Huid  i»  driven  froai  the 
subdural  s]iace  and  the  arachnoid  is  dry  and  iticly. 

The  insensibility.,  deepening  into  coina  which  precedes  dcmlh,  b 
accounted  for  by  the  rise  in  intmcmiiial  pressure,  and  by  the  injury  In 
the  cells  of  the  cerebral  centres  which  results  frum  the  inlUntiiMlarv 
process  and  the  {prolonged  high  pressure  to  which  they  arv  subfcdcd. 

TribercnloTis  Masses  in  the  Brmin. — Large  mosses  of 
giomeratc  taUcTclc  (ji.  SS5)  are  occasionally  met  with  in  the 
unassociated  with  any  general  tul)erculoiis  praccsSj  yct» 
spite  of  their  considerable  size,  they  rarely  give  rise  to 
indicative  of  pressure.  The  expUnation  is  that  their  growth  b 
slow,  and  other  cells  assume  the  functions  of  those  destroyrd»  whlhC 
fresh  conducting  paths  are  opened  up — compettsstlasi  beiaK  ^^^ 
effected.  The  masses,  which  var)-  in  sixe  from  a  haad-Dut  to  a  hai*< 
egg,  commonly  occur  in  the  cerebral  substance,  especially  at  the  bMt 
of  the  brain.  They  arc  of  a  pale  yellow  colour  and  ftm  «■•- 
sistence,  and  usually  form  round  globular  tumours.  Their  «ui£k« 
b  often  seen  to  be  covered  with  minute  grey  nodules,  which 
into  the  surrounding  tissue ;  and,  on  section,  similar  Dodulrs 
sometimes  visible,  scattered  througli  the  substance  of  the  turaeco'. 
In  most  cases  only  one  or  two  such  masses  are  founds  bat  occnakaialh 
they  are  more  numerous.  They  occur  especially  in  childhood.  Sr^ 
the  edge,  where  the  structure  of  the  tubercles  b  rcoognimldc  ai^ 
typical  (p.  385),  compressed  or  obliterated  blood-Tcscds  ttmy  be  scsn. 
Attention  has  already  been  drawn  to  the  infective  nature  (p.  401)  «^ 
these  nusses. 


sunaci 
Ics   «J^ 


Tuberculosis  of  Lymphatic  Gla&ds. 

In  tlie  lymphatic  glands,  tuberculous  processes  give  riac,  in  the 
place,  to  duuiges  in  the  cortical  portions  of  the  ^Und»  InamKir ' 
with    these    llmt    the    infective    materinl .    w  liith    U    hrou^*     , 
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lymphatic  vessels,  first  comes  into  contact  (Fig.  140).  In  the  earlier 
stage  of  the  process  small  [wile  grey  nodules  arc  often  visible.  These 
are  scattered  through  the  wnnner-coloured,  vascular  cortex.  They 
gradually  increase  in  size  and  l)ecome  CAseous.  The  gland  meanwhile 
enlarges  from  the  addition  to  its  sub- 
stance of  tliese  "tubercles,"  wliich 
gradually  spread  in  along  the  lymph- 
sinuscs  to  the  medullary  |w>rtion. 

By  this  time  the  distinction  be- 
tween the  medullary  luid  cortical 
portions  is  lost,  in  conseipience  of 
the  iniiltration  and  Blling  up  of  the 
lymph-sinus.  On  section  at  this 
stage  the  gland  presents  a  greyish 
homogeneous  surface,  on  which  are 
blotches  of  caseous  material.  Fibroid 
changes  frequently  follow  and  the 
capsule  thickens,  so  that  the  caseous 

masses  become  surrounded  by  dense  fibroid  tissue.  The  whole  gland 
nuiy  be  ultimately  convertetl  into  a  cjiseous  mass.  The  caseous  portions 
may  subsequently  soften,  dry  up,  or  calcify  (p.  38*))- 

Sometimes  no  "tubercles"  are  visible,  and  a  section  in  the  early 
^e  has  a  pulpy,  swollen  appearance,  and  may  l>e  distinctly  more 
liar  than  normal :  microscopic^dly,  a  round-celled  iniiltration, 
with  a  few  large  cells,  is  found.  The  result  of  the  infection  has  been 
n  more  acute  and  diffuse  inflammation  than  that  above  described. 
Caseous  [mtches  and  fibioid  changes  ultinmtely  appear. 

As  before  statt-d,  the  affection  of  lymphatic  glands  is  in  most  cases 
secondary  to  a  tubercular  inflammation  in  the  area  whence  they  draw 
their  lymph  ;  but  sometimes  it  appears  to  be  primary,  bacilli  having 
entered  through  mucous  membrane  or  skin  without  exciting  any 
marked  inflannnation.  I'he  glands  mubt  commonly  affected  are  the 
bronchial,  mesenteric,  and  cervical. 


C/and.    The  earliest  suge  of  ihe  pro- 
crss,  showing  the  gifuii-ccll.      x  aoa 


Tuberculosis  of  Mucous  Membnuies. 

The  aUmentarj',  genito-urin-iry,  and  respiratory  mucous  membranes 
may  all  be  seat?*  of  tubercular  infiltration  and  ulceration :  it  is 
extremely  pmbablc  that  some  catarrhal  affections  of  the  tousiU 
and    pharyn.\,    uf   the    Eustachian    tube    and     middlt^    ear,    .ls    well 
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as    oi   the    intestine,   are    due   to   the   irritation  of  the   tubercular 

Tubervular  ulceration  or  fissuiv  oi  the  lip,  usuailr  with  nuuHced 
thickening.  H  not  uncommon  in  children  and  young  adults.  On  the 
tongue  and  pharynx,  tubercular  ulceration  is  rare,  and  is  UMially 
secondari- — at  least  in  point  of  time — to  phthisis.  The  occurrence 
i>f  tubercio  in  the  tusophapis  and  stomach  is  verii-  rare,  but  caae« 
have  been  described.  The  course  and  the  microscopic  and  naked-evr 
anatomy  of  all  these  ulcers  i-^  the  same.  They  will  therefore  be 
described  under  the  heading  ot'  "  Intestine/*  in  which  part  of  tbt 
alimentary  tract  they  arv  most  frequently  tound. 

btestfae. — Primary  tuberculosis  of  the  intestine  is  rare  in  adulto- 
It  is  probably  caused  by  infection  irom  tubercular  milk  or  meat. 
Secondary  infection  of  the  intestine  occurs  in  ^m  half  to  tvo- 
thirds  of  the  fatal  cases  of  phthisis,  and  is  caused  by  swallowed  tuber- 
cular sputum.  The  small  and  the  large  intestine  are  said  to  be 
affected  with  about  e\)ual  fn^^uency,  and  hotk  are  generally  involved 
The  morbid  prooe»  begins  in  the  solitar}'  and  .igminated  follicles. 
and  is  most  marked  where  the<e  are  most  numerous.,  namely,  at  the 
lower  cud  of  the  ileum  and  in  the  o-a?cuni :  but  any  part  may  be 
affected  (p.  '>;»!'  . 

The  first  >tai;t:  of  the  prwe>>  consist>  in  the  appearance  of  tubercles 
in  M>me  solitiry  £;iand<  and  in  certain  follicles  .,iitrf  all)  of  >onie  Peyer- 
patches.  Hit-  aifcctnl  lymphoid  tissue  swells,  and  therefore  project- 
too  much  above  the  >urfactr  of  the  membrane.  The  new  clement*, 
cimsixting  larijely  of  leuciK'ytt->.  then  undergo*  fatty  changes  and 
Mitten.  The  degeneration  in  IVyer">  patches,  cinnmencing  at  a  number 
nf  ^epa^ate  centre^.  i<  followed  by  a  patchy  ulceration  of  the  rnuou* 
membrane  :  .-ind  the  pntce^^  extend^  by  the  ap})eamnce  and  sub»equent 
breakins-ilown  ot  t'n>h  tulHTclo  at  the  niar^^n.  until  a  cona-idrrab'e 
p:irt  nf  the  |iateh  U  de-tntyet!.  As  the  re^'ult  of  these  chances  *b 
ulcerated  surface  i<  prmUiced.  the  tloor  and  edi:e-  i»f  which  are  mi-rt 
or  le>>  thickened.  owin;r  to  the  pnKluction  ot  tubercles  and  tubert'uii.' 
iiiHitration  in  the  ^iirroundin:;  ti*>>ue>.  In  the  door  of  the  ulcer, 
fonned  usually  by  the  >uUnuicou>.  S4.>metime^  by  the  mu>cular.  id(! 
rarely  by  the  |>eriton»-al  ci».it.  -.mall  tuln-rcles  are  det  eloped,  principal; 
in  eonnei'tion  with  the  bi(Kiil-\os^eis  and  hmphatios.  and  a.<  these  are 
arraii>j:ed  t^an^\er^el\  ar<.iund  the  inte>tine.  the  new  growth  prvxeeds  n 
the  same  direction.  The'«e  nodule,  also  sotten  and  become  cascow 
and  thus  the  proce»  vf  ulceration  gradually  extends  tr«nsvenelT  osd 
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a  complete  ring  of  the  mucous  membrane  may  be  destroyed  {annular 
uicrr).  These  appearances,  together  with  the  dilatation  of  the  neigh- 
bouring vessels,  may  reveal  the  position  of  the  ulcers  before  the  bowel 
is  opened.  By  the  blending  of  adjacent  ulcers  most  irregular  figures 
are  formed  ;  and^  in  extensive  cases,  mere  islets  and  bands  of  mucous 
membrane  only  arc  left  in  wide  areas  of  the  Iwwel.  The  ulcers  thus 
produced  (Fig.  141)  present  a  strong  contrast  to  those  of  typhoid  fever- 
Bacilli  are  usually  numerous  and  may  be  recognised  in  the  stools  by 
suitable  staining. 

The  tubercular  ulcer  rarely,  if  ever^  heals  ;  but  an  ulcer  mntf  heal 
at  one  place,  while  it  spreads  at  another,  and  the  contraction  of  any 
scar-tissue    that   forms  will   lead   to  marked    narrowing  of  the  gut. 
^^Owing  to  the  thickening  of  the  tissues  at  its  base,  perforation  is  an 

i         pvrn 


^1 
U 

Fig.  141.— -f  THtfnnUr  Vkeriif  the  inteittHe.    {Diagrammatic 
ii.  Epithelial  lining.        b.  Submucouvtiuue. 
i\   MusciUiir  coat.  </.  I'criioneum. 


exceptional  ficcurreucc.  lliis  takes  place  more  commonly  into  a 
neighbouring  viscus  to  which  the  ulcer  has  become  adherent,  than 
into  the  peritoneal  cavity. 

The  lymphatic  glands  in  connection  with  tubercular  ulcere  arc 
generally  affected.    The  lacteals  leading  from  the  ulcen.,  ai»d  even  tlie 

oracic  duct  itself,  may  be  irregularly  swollen  by  tubercles. 


Tubercolosis  of  the   Respiratory  Tract, 

The  larj'nx  and,  to  a  less  extent,  the  trachea  both  suffer  from 
lubcrcle  in  its  miliary  and  infiltrating  forms. 

Tubercle  of  the  Larynx  (I«aryngeal  Phthisis)  uiay  be  primary, 
[but  is  often  secondary  to  disease  of  the  lungs.  It  is  said  to  conunence 
as  suli-epithclial  tul>er(*les  situate  chieNy  in  the  ary-epiglottie  folds^  on 
the  cords,  and  on  the  under  surface  of  the  epiglottis.  These  may  be 
few  or  numerous,  and  ma}'  ulcerate  early^ — especially  on  the  cords — 
or  may  multiply  and  fonn  a  diffuse  infiltration,  which  iu  the  ary- 
epiglottic  fold  produces  a  |>ear-sha|>ed  swelling  with  its  large  end 
towards  its  fellow  in  the  mid-line.  Spreading  ulceration  ultimately 
occurs,  perhajM  leading  to  the  formation  of  abscesses,  to  necrosis  of 
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cartilage,  and  henct:  to  hectic  fever,  exhaustion  and  death.  Tt 
ulcers  are  disUuguished  from  those  due  to  syphilis,  or  to  Dcw-|niivtlia, 
by  the  small  amount  of  new  tissue  in  their  floor  and  raargiiUy  and  bj 
the  absence  of  cicfttricial  tissue. 

Tracheal  tHceri  are  usually  superficial.    Occasionally  they  are  rrrj 
extensive. 

TubercolomU   of  the  XiU&s*   (Acute  BSIllary). — Tuberculoia 
processes  occur  in  the   lungb  a^  part  of  a  geuend  tubcrrukMfa^ 


KiG.  140.-^4  sma/I  u/t  Grey  Tuhr%  U/rvm  the  Lmtif  im  «  r«ir  if  W^»ar 

Tu^rruA'sts.  The  whole  of  ih*:  luhcrcic  is  :thovi^  in  Uir  drvwiDjc, 
and  14  lorgdy  constituted  of  <'</'-->--'j':'-...'-»r  proiJucfi.  v  100.  k<- 
duoed  Co|. 

also  in  pulmonar}'  phthisis.  The  nature  of  the  rrsultin^;  inAauiaiata*^ 
lesions  is  stniilur  in  tioth.  It  will  be  well,  however,  in  tiir  present 
place,  more  luirticularly  to  describe  these  legions  as  ihcy  occur  In  iht 
general  infective  diseasr.  The  more  limited  processes  which  take 
place  Id  phthisis  will  be  again  referred  to  in  a  subscqncot  cbaptrr  («« 
"  Pulmonary  IMithisis  "). 

The  (Milmonary  lesions  met  with  in  general  tuberruloM^ 
the  most  part,  of  those  disseminated  noduliir  grtiwths,  whu 
already  described  as  grey  and  yellow  tuberrle«  (p.  384). 

Both  the  greif  and  the  yW/o#r  nodulei.  are  often  found  a^&ociaicd  i» 
the  same  luug;  in  other  case&  the  grey  nodules  only  arc  met  vichi 
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whilst,  less  frequently,  nearly  all  the  growths  are  of  the  yellow  variety. 
The  condition  of  the  pulmonary  tissue  which  i<i  situated  hrtftfcm  the 
Hoduhs  varies  considerably.  It  may  be  (1)  perfectly  normal;  (2)  more 
r  less  congested  and  a^cmatous ;  or  (3)  it  may  present  varying  sized 
tracts  of  greyish^  granular,  friable  consolidution.  A  perfectly  normal 
condition  of  the  intervening  pulmonary  tissue  is  found  in  many  of 
those  cases  in  which  all  the  growths  are  of  the  finnj  grey  variety;  but 
when  there  are  numerous  yellow  or  soft  ^ey  nodules  the  lungs  are 
nearly  always  more  or  less  congested  or  consolidated.  Although  the 
virus  is  distributed  by  the  circulation,  the  tubercles  are  usually  present 
in  greatest  number  at  or  near  the  a^K-x— like  the  lesions  in  ordinary 
phthisis. 

^Vhen  these  nodules  are  examined  niicroscopiailly,  they  are  seen  to 
exhibit  dirtcrcnt  kinds  of  structure.  Some  consist  mainly  of  "  giant- 
cell  systems"  as  already  described  (p.  'J85),  while  others  are  charac- 
terised by  accumulations  of  epithelial  cells  within  the  pulmonary 
alveoli.  There  is,  however,  this  marked  ditference  between  the 
various  kinds  of  nodules — that  M'hereas  the  sumU  fimt  greif  ones  are 
constituted  almost  entirely  of  the  Brst-named  structure,  the  larger  sojl 
grty,  and  most  of  the  yelhtv  ones,  consist  mainly  of  the  intra-alveolar 

cumulations. 

First,  with  regard  to  the  sojl 
gmf  and  j^eUorr  nodules — most  of 
these  when  examined  with  a  low 
magnifying  |Jower  present  the  ap- 
pearance represented  in  Fig.  1  +ii,the 
nodules  evidently  consisting  largely 
of  accumulations  within  the  alveolar 
cavities.  Wlieii  more  highly  niag- 
nihed  their  constitution  becomes 
more  apparent.  It  is  then  seen 
that  the  alveolar  cavities  are  filled 
Mnth  epithelial  elements  and  small 
cells  resembling  leucocytes,  whilst 
the  alveolar  walls  are  more  or  less 
extensively  infiltrated  and  thickened 
with  lymphoid  cells  (Fig.  I4.'j).  In 
many  eases  the  central  portions  of 
the  nodules  have  undergone  extensive  degenerative  changes  and  consist 
lercly  ot  a  structureless  granular  debris,  so  that  the  accumulations 


Fig.  i.|3. — A  Portion  (f  a  sm*tii  soft  Grey 
TttbtrrUJrom  Ike  Lnng,  This  «  from  a 
case  of  acute  tuberculosis,  prulubly  in 
on  earlier  stage  than  ttmt  from  wbich 
Kig.  14a  WAA  drawn.  TUe  figuic  sboss'S 
on«  of  the  atvcoli  51lpd  with  epithelial 
elements  and  a  few  small  cells,  with  some 
cellular  infiUralion  of  the  alveolar  wall. 
X  aoa 


419 


THE  INFECTIVE  GRANUI.OMATA, 


within  the  alveoli  aiid  the  cellular  infiltration  of  the  alveolar  walU  arc 
only  visible  at  their  periphery'.  This  is  always  the  case  in  tile  distiDctiy 
yellow  tubercles  (Fig.  1  It). 


>>* 


Fig.  144.—^  forfioM  0f  n  Ytittnm  Tuhtrtk  fr^m  the  T-ung  tm  s  C^m  «f 
AnUe  Tmhertulasis.  !^how1ng  the  de^nirraiioD  uf  tim  oratml  por> 
Uoos  of  the  nodule  c  and  the  cellxiUx  thickening  of  the  alveakr 
wtXk  and  accumulatioDs  within  the  alveolar  otviUes  at  tlw  p0t> 
phery/.     x  too. 


Fiti.  145. — -  /  fsftlum  .y  /**•  mitrt  /  1  ■  .rry  TttUrrit  frvm 

ikr  l.ttHg  tm  a  Ctn*  of  Acmtt  'i'ubtrxntom.  Showing  the  rxt«tul«c 
Innitratlun  and  tliickeninj  of  the  ulvcuUr  w«ll«,  and  ihc  (tum-cdU 
wtUUn  the  alveolar  cavitiet.     x  too. 


The  histolofpcal  characters  of  the^^rmrr  gr^  nodules  differ 
from  the  prccedinjj.      In  thcvc,  the  cellular  infiltrntion  and  coiucqiKBl 
thickening  of  the  ntveolar  wall  are  much  more  marked,  and  ui 
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Iveolar  cavities  are  occupied  by  gtant-cells.  The  origin  of  these  ii 
still  uncertain.  According  to  somc^  they  are  formed  from  the  alveolar 
fpUhelium  either  by  fusion  of  contiguous  cells  or  by  partial  necrosis  of 
the  cell  arresting  its  attempted  proliferation  (p.  388).  Others  regard 
them  as  due  to  a  degenerative  change  of  a  similar  nature  in  the 
rpitheiio'ui  cells.  According  to  Mctrhnikoff,  they  are  due  to  the  fusion 
oi  numoHUclear  leucfxytrs.  In  other  cases,  the  alveolar  structure  has 
completely  disappeared,  and  the  tubercle,  when  examined  with  a  low 
magnifying  power,  appears  as  a  little  spheroidal  mass^  the  cellular 


*IC  146.— <*f  jSrm  Grey  Tuhcrcle  ft-om  (he  l.un^  in  a  Otif  of  Acuh 
Tuhtrcyloiii.  Showing  the  grouping  of  ihf  e1em«nls  around  separate 
centres,  the  nodule  consisting  of  several  gianl-cell  sys!«m5.      x  33, 

element"!  of  which  are  grouped  around  separate  centres  (Fig.  146). 
When  more  highly  magnified,  these  centres  are  seen  (o  correspond 
with  the  giant-cells  already  described,  and  with  the  smalt-celled 
structure  grouped  around  them,  as  is  well  shown  in  Fig.  14*),  This  is 
a  fully  developed  tubercle  of  the  lung.  The  small-eelled  structure  at 
the  peripheral  pt>rtions  of  the  nodules  is  repl/iced  by  a  thickening  of 
the  walls  of  the  alveoli  with  which  the  nodule  is  ineoriwrnted  (Kig. 
147).  In  the  tubercles  thus  constituted,  extensive  retrogressive 
changes  rarely  occur.  Degeneration  is  slow  and  very  incomplete^  and 
the  nodule  often  becomes  imperfectly  fibroid. 

Respecting   the   cause    of    these    differences    in    the    histological 
characters  of  the  miliary  lesioris  in  the  lungs — it  may  be  stated  that 
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wliile  tliey  tlepond  to  some  extent  upon  differences  m  the  n^r  nf  \hr 
n«Klules,  they  are  mainly  due  to  mpidity  of  gn>wth  of  the  orppmUsi* 
If  these  be  numerous  and  multiply  rapidly^  the  iukIuIcs  will  cmmit  in 
the  main  of  accumulations  of  epithelium  within  the  pulnioiian-  alvcaU, 
and  will  rapidly  undergo  disintegration  (see  Fig.  l-^S).  If  the  growth 
of  the  bacilli  be  less  active,  typical  "  giaut-cell  system*  *'  will  form  «inI 
the  nodules  will  attain  a  more  advanced  age;  while  degrrs  witt 

be  less  rapid  and  complete  (see  Fig.  145).     Lastly,  if  thr  *^i .  i>  hr 

few  and  their  multiplication  slow,  as  in  the  least  intense  and  notf 


J-iO.  147. — A  smat!  portion  <f  the  mosf  F.xterrtai  Part  0/  a  $rm  %lrwjr 
Tttbercit  from  tkt  Lung  in  a  Case  of  Amte  Tithercaiituii,  StKnriaj| 
thr  iocorporalion  of  the  nodule  with  the  alveolar  waU  d.      ^  37a, 

chronic  processes,  the  development  of  multinurlratrd  element* 
the  proliferation  of  the  tissue-celU  reach  their  mnximum  («re  Figi^ 
and  1 46).  Degeneration  takes  place  very  slowly  and  is  limited  to  the 
central  portions  of  the  nodule.  There  is  often  oonsiderahle  fibtviift 
induration  of  the  new  ticisue.  A  close  analogy  con  thiu  br  dnwB 
between  the  tissue-changes  resulting  from  tuberculosis  of  Ihc  Iho^ 
and  those  which  result  from  other  chronic  InHaininatory  pfx>cc«K» 
(p.  «7()). 


Tubercular  Disease  of  Bones  and  Joints, 

These  may  l>e  conveniently  taken  together,  as  tubercular  diaeaae  4^ 
a  joint  is  frequently  secondar}-  to  similar  disease  of  a  bone,  and  a 
rrrm.  l*lie  primary  disease  is,  of  coursej  due  to  infection  through  ikel 
blood ;  the  secondary  to  extension  from  the  primar^^  foeuK. 
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of  acute  ^feneral  tuberculosis,  both  bones  and  joints  may  be 
c  seats  of  mifiari/  tiihercfes.  In  lumt-x,  the  tubercles  are  found  chiefly 
cancellous  parts  ;  in  joiulXf  in  the  synovial  and  subsynovial  tissues. 
They  present  no  [jeculiarities  and  cause  no  local  symptoms.  It  is  said 
that  miliary  tubercles  may  be  scattered  through  a  bone  without  any 
encral  tuberculosis  being  present  ;  and  certjiinly  multiple  foci  are  not 
common  in  the  synovial  menibrnne  of  a  single  joint. 
Tubercular  PeriostitiB  and  OsteomyelitiB. — Periostitis  and 
osteomyelitis  when  due  to  "tiibercle"  often  coexist,  just  as  they  do 
when  causetl  by  other  irritants.  Prriwiiiix  cannot  exist  without  a 
superficial  oxti/is ;  but  the  converse  is  not  true,  for  a  deep  bony  focus 
of  tubercular  inflammation  may  be  present  without  any  obvious 
involvement  of  the  periosteum. 

Seats. — Among  the  Ijones  which  are  affected  primarily  are  the 
bodies  of  the  vertebne,  the  end»^  of  the  long  bones,  the  bones  of  the 
carpus  and  tarsus,  the  phaliuiges,  and  less  often  tiie  metacar(>al  and 
metatarsal  bones  and  the  ribs.  The  shafts  of  the  typical  long  bones 
are  rarely  affected  by  tubercular  processes.  The  same  may  l)e  said  of 
he  cnmial  bones ;  but  certain  bones  of  the  fncc  not  uncommonly 
ffer. 

The  tubercular  process  more  often  starts  in  the  bone  than  in  the 
periosteum.  Periosteal  changes  occasionally  predominate  in  the  cvise  of 
the  ribs,  phalanges,  and  bodies  of  the  vertebra? :  when  this  is  the  case, 
early  abscess  almost  always  leads  to  their  recognition.  But  in  the 
vertebra*  and  probably  in  the  phalanges,  primary  central  changes  are 
much  the  commoner. 

Morbid  Changes.— The  order  of  events  is  much  as  follows. 
Bacilli  are  deposited  at  a  certain  spot,  say  in  an  epiphysis.  Miliary 
tubercles  next  develop:  a  group  of  these  becomes  summndcd  by  a 
mass  of  granulation-ti^viue ;  and  this  again,  in  cases  which  are  not 
progressing  rapidly^  and  where  irritation  is  not  intense,  by  a  «one  of 
fibrous  tissue.  In  this  outer  zone  it  is  common  to  find  the  bony 
trabecule  becoming  thicker  at  the  ex|)ense  of  the  spaces — i.e.,  the  bone 
becoming  sclerosed ;  uuire  centrally,  in  the  area  of  greater  irritationi 
tlie  trabecule  are  undergoing  absorption. 

From  the  primar)'  focus,  infection  of  the  surrounding  tissue  occurs  by 
means  of  fresh  tubercles  which  form  in  the  granulation- tissue  zone. 
As  these  increase  in  number  they  gradually  blend  with  the  parent 
mass^  which  meanwhile  has  probably  undergone  caseation.  But  this 
widenmg  of  the  area  of  infection  lends  to  a  corresponding  vridening  of 
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the  area  of  irriUiitm  ;  the  graiuilation-2oiie  extends  into  and  rrplactf 
the  xonc  of  (ibn>us  tiiisuc  anil  of  bony  sclerosib.  uhich  in  it*  fawm 
renppcars  farther  from  the  centre.  Thus  the  process  %prr«<U'no» 
quickly^  now  slowly.  Cure  may  be  effected  by  the  cncap^ulatioQ  ot 
the  caseous  masses  in  6brous  tissue.  This  is  sometimes  fuUa«ni  In 
their  calcificatian.  On  the  other  hand,  the  disease  may  spread  till  • 
surface  is  reached  and  the  sc»ft  parts  have  become  infected.  C  Ascatias 
of  the  tissue  is  s}'nonynious  with  deaths  and  any  portion  of  banr 
separated  en  bioc  by  surrounding  caseation  forms  ■  Hrqur^trva. 
Usually  only  small  fra^nents  of  trubecula'  are  thus  separated  ;  but  ftuuK- 
times  casenti(m  follows  infiltration  so  rapidly  that  masses  of  botic  » 
large  as  a  filbert,  or  even  larger,  are  detached.  A  whole  epifihyttA» 
such  as  the  head  of  the  femur,  may  thus  die.  As  Chejrne  h*s  staled, 
the  trubecula*  of  the  sec^uestra  are  often  thickened,  sliowing  that  s 
chronic  inflanniiation  preceded  the  change  which  caused  the  necraaiL 
This  effectually  dis|x>ses  of  Konig's  hypothesis  that  the  seqacstn 
(which  for  some  reason  are  often  wedge-shai>ed)  are  due  to 
Sometimes  the  sequestra  consist  of  rarefied  bone,  and  are  aoli 
crumbling ;  sometimes  the  contents  of  the  spaces  arc  calcified. 
abscess  often  forms  with  or  without  necrosis. 

When  the  periosteum  is  primarily  affected,  tlie  bone  ftooti 
enlarged,  owing  to  the  growth  of  tubercles  embedded  in 
tissue  in  the  deeper  layers  of  the  periosteum  and  in  the 
Haversian  canals.  This  growth  may  extend  over  a  wide  are-A  of  boor, 
or  may  penetrate  deeply  at  one  or  more  spots,  eroding  the  bnne  at  It 
grows,  even  after  causing  a  preliminary  sclenisis.  Couniuudy  an  abimi 
forms,  and  either  bursts  or  is  opened.  'Hie  rough  surface  nf  iKr 
Infiltrated  bone  is  then  exposed.  The  cause  of  this  voftening  of  iW 
tubercular  tissue  into  a  cold  abscess  is  unknown  ;  but  it  seeins  ecrlida 
that  it  is  not  due  to  infection  with  pyogenic  or^janisms.  Flaid 
leucocytes  find  their  way  into  the  cheesy  mass,  which  in  brokm 
We  thus  get  a  space  filled  with  a  milk-like  fluid,  often  cool 
obvious  cheesy  masses  jmd  bits  of  bone.  The  wall  of  such 
is  formed  of  dense  fibrous  tissue  lined  by  a  layer  of  gnknulation-tisire 
which  CAn  be  easily  detached. 

On  section,  this  wall  shows,  from  without  inwards,  crdemmiu^  htirmii 
tissue,   prolubly  containing   tubercles  with    central  giAUtM^clU ;    theaj 
granulation-tissue    with    numerous    but    less    typical    tubercles 
lastly*  a  layer,  chiefly  of  epithelioid  cells,  which  l>ecoiuc&  tnorc 
more  cascfmii  as  the  cavity  is  approached. 
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Hyaline  cartilage,  being  a  non-vascular  tissue,  ift  never  Attacked 
primarily.  OestructioT*  of  cartilage  is  sometimes  clue  to  the  xprrad 
iiitninlA  over  the  surface  of  the  cartilage  of  tubercular  processes  from 
the  synovial  membrane:  these  processeb  adhere  tike  ivy>  and  gradually 
erode  the  airtilage,  producing  a  cribriform  appearance  (Fig.  148). 
Similar  destruction  may  also  be  due  to  the  perforation  of  the  cartilage 
by  a  mass  of  tubercular  tissue  sprouting  through  it  from  a  focus  in  the 
ibjacent   bone ;   or   to   the   spread  beneath   the   cartilage   of  similar 


Fig.  148. — Edjge  0/ Cartilage  0/  Knee  im  Tuterculttr  ArlMHth,  rt^ting 
upon  inflamed  bone,  and  markedly  eroded  on  this  aspect.  The  free 
surface  of  ihe  cartilo^'e  is  uvcrgrowii  by  ii  soft  synovial  fold  (i.^|. 
Several  channels,  by  means  of  which  cells  liiivc  rracticd  ihe  capsules 
of  cortilagc-celU,  h;»ve  been  laid  open,     x  55.     (F.  T.  Paul.) 

tissue  from  a  bony  source.  Large  pieces  of  cartilage  may  be  thus 
loosened  from  the  bone^  while  still  retaining  a  normal  appearance  on 
the  side  towards  the  joint  It  is  in  one  or  other  of  the  above  ways 
that  tubercular  caries  oi  the  surfaces  of  the  joint  is  established. 


Tabercolar  Synoyitis. 

ic  tuberculous  changes  met  with  in  the  synovial  membrane  are  the 
following :  (I)  acute  miiary  /»fnrcit/iixi\,  :ih  imiitionrd  alxjve  ;  (5)  ttijrti.sv 
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thickening  (tnmor  albus)— by  far  the  most  frequent  and  ImporlnA 
condition;  (3)  mxlular  thicicniing  (synovitis  ttibc'msa) ;  (^^  kvirvfti ; 
and  (5)  emptfema. 

DiffoflC  thickening  may  be  primftry  or  secondary.  \\  hen  prtmarft 
it  is  diii:  tu  the  settlement  of  b.-icilli  at  one  or  more  ipola  la  the 
synovial  or  sub-synovial  tissue.  Tubercular  masses  grow  and  spmi 
while  the  tissues  round  about  become  more  or  less  swollen  aai 
gelatinous-lookinf;  from  oedema  and  cell-infiltration.  Clear  or  paritorm 
fluid  may  be  effused  into  the  joint.  The  tubercular  foci  may  aoAefl 
and  open  either  into  the  joint  or  into  the  jKriarticular  tissues,  or  tOMj 
form  an  al>scess  in  the  thickened  s)'novial  memlimne.  When  Mitumdm^ 
the  diffuse  thickening  may  be  due  to  bursting  of  a  fncuft  from  tW 
bone  into  the  joint,  and  infection  of  the  whole  synovial  nMrmbraoe 
from  within.  After  a  little  time  this  membrane  presents  the  stmctme 
of  the  wall  of  a  chronic  abscess,  and  its  canity  prol>ably  contains 
or  puriform  fluid.  At  other  times  the  thickening  may  be  <loe 
to  oedema  of  the  synovial  membrane  excited  by  tiie  presence  of  a  fbcv 
Jn  the  Iwne,  which  has  reached  the  stirfacc  at  the  reflectiorn  of  tbc 
s^'noxHal  membrane,  and  which  has  thus  been  shut  off  (rmn  tJie 
of  the  joint.  But  at  this  point  the  membrane  has  been  infrcted, 
the  tul>ercular  tissue  invading  it  excites  much  irritation  and  nrc 
in  its  neighbourhood.  Cheyne  states  that  in  such  cases  be  has  bem 
unable  to  discover  any  evidence  of  infection  In  the  trdematous  fywfvisl 
membrane  at  a  distance  from  the  focus — a  point  of  much  pnrtioil 
Importance. 

In  synovitis  tnberosa,  fungous  masses  of  tubercular 
frora   the  size  of  a  chestnut  downwards,  hang  in  greater  or 
number";  from  the  synoviol    membrane   into  the  joint,  which 
alwoys   contains  fluid  :    this   is  often   blood-stained.       The 
may  be  thick  and  deeply  blood-stained  towards  the  joinL      InfijttfcM 
is  through  tlie  blood  primarily,     Secondar)'  infection  from  the  men* 
brane  is  unusual. 

Tnbercniar  hydrops  is  not  distinguishable  from  the  simple  fonw 
until  thickening  of  the  synovial  membrane  liegins.  Kunig  states  thtf 
in  early  stages  a  thin  layer  of  tubercular  tissue  can  be  fbund  OQ  tW 
surfacr  towards  the  joint. 

Tnbercnlar    empyema    is     indistinguishable     frum    till 
hydrops  until  the  fluid  is  drawn  oflf:  it  occurs  iu  old  people  and  Is 
highly  tubercular  subjects. 
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Itvpos  Volgaris. 

This  disease  is  chflracterised  by  the  appearance  of  reddish-brown 
nodules  of  granulation-tissue  upon  the  sirw  (chiefly  of  the  face),  and 
much  more  rarely  upon  the  mucous  mentbrtutes  of  the  conjunctiva, 
pharynx,  vulva  and  vagina.  Tlie  nodules  are  situate  primarily  in  the 
corium,  and  at  first  are  smaller  than  a  pin's  liead,  though  they  may 
reach  tlie  size  of  n  pea ;  these  blend  to  form  a  more  or  less  diffuse 
mosSj  while  fresh  foci  appear  at  the  periphery.  TTie  disease  generally 
appears  between  the  age  of  two  years  and  puberty,  and  is  especially 
common  in  the  obviously  scrofulous :  reaiixcnces  may  occur  again 
aiul  again,  and  the  disease  may  thus  last,  ofl*  and  on,  throughout 
a  lifetime. 

Stractnre. — The  nodules  consist  of  granulation-tissue  containing 
epithelioid  cells  and  often  a  goml  manj'  giant-cells.  They  differ  from 
true  tubercles  in  being  rather  richlif  vascuhr.  The  intercellular  substance 
is  scanty  and  homogeneous.  It  is  not  uncommon  to  find  that  long 
anastomosing  processes  of  epithelium  have  grown  down  into  the  round- 
celled  growth,  the  physiological  resistance  (p.  123)  of  which  would 
seem  to  be  less  than  that  of  normal  corium. 

Course. — Spread  occurs  by  the  production  of  fresh  nodules  at  the 
margin  of  the  primary  focus.  The  course  is  always  chronic.  When 
the  |>ateh  has  reached  a  certain  size  it  may  remain  quiescent ;  the 
nodules  and  infiltration  may  end  in  degeneration  and  absorption, 
— a  white  scar  being  Icfl — or  in  ulcemtion.  After  eating  away  the 
tissues  to  varj'ing  depths,  sometimes  destroying  large  |>ortions  of  the 
nose,  lip,  or  eyelid,  the  ulcers  may  heal  ;  or  healing  may  go  on  at  one 
point  and  destruction  at  another,  "^rherc  is  little  or  no  tendency 
to  caseation^  and  glands  rarely  become  affected. 

JSBtiology. — The  tubercle-like  stnicture  of  the  nodules  has  long 
l>een  held  to  favour  the  sunnise  that  lupus  was  a  tuberculosis  of  the 
skin.  This  explanatitm  of  its  pathology  is  now  very  generally  accepted, 
though  the  proof  is  incomplete.  In  favour  of  its  tul>ercular  origin,  it 
may  be  urged:  (1)  that  a  few  tubercle  bacilli  are,  in  the  large 
majority  of  cases,  found  in  the  affected  tissues;  (2)  that  pure  eultuics 
of  tubercle  bacilli  have  been  obtained  from  such  tissues  ;  (3)  that  the 
inoculation  of  these  cultures,  or  of  the  lupus  tissue  itself,  will  give  rise 
to  tuberculosis  ;  (4)  that  injection  of  tuberculin  is  followed  by  an 
inflamnuitory  reaction  in  lupus  tissues;  (5)  that  the  structure  of  the 
tissue  is  such  as  would  result  from  tlie  very  gradual  growth  of  the 
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tubercle  bacillus;  and  (())  that  the  temperature  nf  thr  xkin  iiftJir 

is  only   a  little   ftlxive   the   lowest    limit   at   which    thr    hacinuii  vtBi 

grow. 

We  may  add  that  the  bacilli  liavc  bccu  fwmd  in  tubercle* 
before  ulceration  has  bcg^in.     Some  scrofulous  lesion  i%  o(Wti 
iu  cases  of  lupus,  and  it  is  asserted  that  patients  bufTcrixtg  (rota  In 
perhaps  even  the  majority  of  them — die  of  Knne  tubercular 
— f.g.,  phthisis  or  meningitis. 

The  truth  of  the  above  is  admitted  by  Kaposi^  who,  Deveitkeleia, 
dissents  from  the  view  that  lupus  is  a  tubcrcuKwas  of  thr  akin.  Hli 
prilicijml  argument!!  agiii,nst  it  are  :- — that  even  the  frequent  cxHiKidrocc 
of  scrofula  and  lupus  proves  nothing:  that  the  bacdli  arc  very  few 
numbt.-r,  and  that  perhaps  the  mode  of  stAiiiiiig  is  not  really  dbtiactl 
of  the  tubercle  bacillus ;  that  lubemltm  results  from  inocuUtiaii 
lupus  tissue — but  iujuu  never ;  that  there  is  no  evidence  of  the 
tiigiousness  of  lupus  ;  and,  lastly,  tliat  lupus  remains  lupus  thfOllglHNlt 
its  course,  and  never  passes  into  scrofulo-dermn  and  true  tub«*mi)ctti«itf 
the  skin.  This  statement  is  contradicted  by  inaiiy  obscrvera,  and  tJte 
Imlance  of  evidence  certainly  seems  to  favour  the  tubercular  theory  ti 
the  nature  of  the  disease. 
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Scrofola. 


The  constitutional  condition  known  as  Scrofula  is  charartrrtard 
a  liability  of  certain  tissues  to  become  the  seat  of  chronic 
tions,  the  causes  of  such  inflammations  t>eing  very  slight 
times  wholly  hypothetical.  It  is  generally  believed  lliat  thi 
cither  [lossess  congenitally,  or  acquire  as  a  result  of  abnumul  v^ 
dilioiis  »»f  life,  an  mfcehled  ransting  /wwer  ugaitut  injury.  Acvordiaiftm 
this  view,  slight  or  undiscoverable  injuries,  which  have  no  cWtci  vpn 
a  healthy  subject,  produce  inHAmmation  in  the  scrofulnuv  Id  thbvif 
the  afmonttfii  xtuccptilntiltf  to  inftrnmnalion  is  explained. 

The  explanation  given  of  the   uhnonmii  vhronicUtf  of  the 
is  very  similar.     Chronic  inflammation  always  im]>lics  the  |jnilaagei 
frequent  action  of  a  cause.    It  is  almost  impossible  to  kerj>  jui 
|»art  out  of  reach   of  every  |>ossil»le   cause   oi  iuflaiiimatioiu  uicii 
frictiuu,  pressure,  tension,  and  c<mtjict  with  foreigii  bcHiies^ 

*  A  spccifkl  ty|ie  ur  Lountcfuuice  and  tjotly  hns  long  boon  heUS  la 
scrofuluui  diaibesis,  but  ii»  sciuiilific  value  is  il«MiUful, 
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may  be  insufficient  to  keep  up  an  inflammation  in  a  hcaUhy  person^  but 
in  the  vuhierable  tissues  of  the  scrofulous  they  are  supposed  to  br 
sufficient  for  this  puqiose  ;  and  doubtless  they  do  aid  in  rendering  the 
process  chronic. 

This  stuceplihilittfj  although  more  or  less  general,  is  commonly  most 
larked  in  the  mucous  membranes  and  in  the  h^iphatic  glands.     It  is 


'id.  i4g,^Scrofulcnu  tm^mmcHom  ty  a  BrMnthui.  St/ctlon  of  a  itniall 
bronchtu  of  a  maricedljr  scrofulous  child,  the  subject  of  btonchitis, 
which  tennioated  in  mtliary  tuberculosis.  The  deeper  slnictiires  of 
(he  bronchial  wall  nm  yettx\  to  be  rxlenslvrly  in5Itm(ed  with  cells, 
ma«  of  which  are  Utrgtr  than  those  met  with  in  the  less  extensive 
intillmtion  of  healthy  inHanimation.  The  infiltration  extends  lo  and 
invades  the  walls  of  the  .idjaccnt  alvL-oli,  which  are  seen  al  the  upper 
part  of  the  <lrawing.  The  cavity  of  the  bronchus  contains  a  little 
mucus,  m.     x  aoo.     Reduced  \. 

^spechdly  frequent  in  those  glands  which  stand  in  direct  relationship 
to  the  scalp,  fauces,  tonsils,  and  pharj'nx  (cervical) ;  with  the  lungs 
(bronchial);  and  with  the  intestine  (mesenteric).  These  are  the 
glantls^  it  may  Ik'  remarked,  to  which  organisms  are  most  likely  to  l>c 
carried.  The  skin  (eczema  im pet igi nodes),  bones  and  joints  (caries 
and  chronic  nrthritts)  arc  nlsn  very  liable  to  be  affected.  The  part 
which  siiflers  varies  in  different  cases,  /uid  slight  injury  (p.  324)  is  often 
the  determining  cause. 
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With  regard  to  the  tissue-cbAnges  occurring  in  scrofulous  inflamnu' 
tion — it  must  be  remembered  that  when  iiiHainination  ooeur*  in  « 
heiilthy  intlividual,  and  duos  nut  cause  the  death  of  the  }mtX,  tbc 
inflamniatory  products  either  become  absorbed,  or  tlic  (iroceas  leads  to 
suppuration,  or  to  the  formation  of  a  vasculariscd  rmnrrtivr  tmwr 
In  scrofulous  inflammation,  on  the  other  hand,  tlie  aitsnrptiam  of  tlie 
inrtttramatory  products  is  much  less  readily  effected :  tJjey  l<tul  to 
accumulate  in  the  tissues,  where  by  their  pressure  ihcy  Interfere  with 
the  circulation,  and  thus  lead  to  retrogressive  and  casrotu  change*. 
Ulood-vcssets  du  not  develop,  and  hence  there  is  no  organisation  of  tlie 
new  growth. 

The  tissues  of  a  part  affected  by  scrofulous  inflammation  arc  usually 
inflltrated  with  cells.  Here  and  there  are  opaque  yellow  cawoas 
patches.  Distinct  tubercles  arc  of^en  reeog^nisabic  by  the  naked  eye. 
Giant-cells  are  es{>ecially  frequent  (Figs.  141  and  \\\)).  Tlic  iiiAltratcd 
pirt  contains  but  few  vessels;  hence  the  |>alc  purplish  lix»k  of  the 
granulation-tissue  which  lines  a  chronic  ('*  scrofulous ")  absom  and 
the  pallor  about  a  scrofulous  joint  (p.  ilK),  as  contrasted  with  the 
vivid  red,  vascular  layer  round  a  focus  of  acute  suppuration.  The 
anatomy  of  a  scrofulous  inflammation  corresponds  to  that  met  witlt  m 
the  milder  forms  of  tul>ercular  irritation,  in  which  prolifcrattoti  of  the 
tissue-cclh  forms  the  most  marked  change.  Further,  the  course  of  a 
scrofulous  inflammation — chronic,  with  UtUe  tendency  to  rcsolatlani, 
organisation,  or  suppuration,  but  with  marked  tendency  to  piogrcMhre 
degeneration,  caseation,  and  softening — is  precisely  that  which  we  see 
in  tuberculosis  of  the  lungs. 

Moreover,  scrofuhms  inflammations  not  uncunnuonty  end  in  me^ 
miliary  tuberculosis.  This  is  readily  explained  by  the  observation  that 
tubercle  bacilli  are  commonly  present  in  small  numbers,  in  the  chrnok 
inflammations  of  scrofulous  type.  Prom  these,  pure  cultivations  hsvr 
l)een  oblaiTicd,  and  successful  inoculations  have  been  made  botli  with 
the  eultivations  thus  procured  and  with  portions  of  the  discaaed 
tissues  (p.  393).  Tlic  proof  would  therefore  sccni  complete  that  mme 
tcrofuloHt  lesions  are  tuhen^tlar.  In  all  probal)ility  the  srrufuioms  ttia- 
thesis  is  identical  with  the  tuberculous  ditUhesis.  It  is  well  known  that 
consumptive  parents  have  scrofulous  children,  and  vice  tcrsa. 

Thus  the  abnormal  susceptibility  o(  scrofulous  tissues,  to  which  refer> 
ence  has  been  made  [p,  430),  appears  in  many  cases  to  be  reducQde  Ifl 
this — that  certain  tnsues  or  organs  in  the  scrofulous  are  9wemmhwfy 
predisposed  to  serve  as  hosts  to  the  bacillus  tuberculosb.     TliAl  this 
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ahnormal  sttsccjMUUif  does  not  always  show  itself  seems  certuiii  for 
many  reasons.  After  serious  operations  lor  strumous  disease,  speedy 
union  can  be  readily  obtained ;  after  prolonged  tearing  and  cutting 
operations  upon  diseased  synovial  membranes  the  results  are  excellent, 
provided  that  something  like  completeness  is  attained  in  removing  the 
morbid  and  morbidly  inclined  tissue;  and  after  scooping  out  the 
contents  of  scrofulous  glands,  the  inflammatory  process  (juickly  sub- 
sides. No  more  rest  or  freedom  from  irritation  is  obtained  for  the 
Grounded  tissues  after  such  operations  than  is  given  in  other  cases; 
often,  indeed,  less  is  obtained,  and  sepsis  may  be  added — and  yet,  if 
the  removal  of  the  affected  tissue  has  been  complete,  llie  parts  do  not 
again  l>ecome  the  seats  of  the  same  intractable  inHammation.  And 
this  is  the  case  even  when  large  portions  of  such  "vulnerable"  parts 
,«s  epiphyses  are  left. 

Against  the  view  that  scrofulous  lesions  are  really  tubercular,  and 
that  the  scrofulous  ami  tubercular  diatheses  are  identical,  lias  been 
urged  the  extreme  frequency  with  which  the  mucous  membranes  and 
lymphatic  glands  in  scrofulous  children  become  the  seats  of  obstinate 
and  protracted  inilamniHlious  which  ultimately  end  in  recovery.  But 
recovery  is  [wssible  even  from  phthisis  (p.  S\iS).  It  is  no  essential 
part  of  a  tubercular  process  that  it  should  end  fatally,  as  experiments 
on  animals  and  obser\'ations  upon  man  fully  show.  Some  of  the 
catarrhs  to  which  allusion  has  been  made  are  due  to  the  irritation  of 
the  tubercle  bacillus;  but  the  pathology  of  most  of  them  is  unknown. 
To  admit  that,  in  scrofulous  children,  the  alimentary  tract  is  especially 
liable  to,  and  irribited  by,  abnormal  fermentations,  and  that  the 
bronchi  are  |>ceuliarly  prone  to  catarrh,  is  only  to  admit  for  the 
scrt^'ttlous  what  we  have  already  allowed  for  the  tubercular.  More- 
over, there  can  be  little  doubt  that  chronic  bronchial  catarrh  facilitates 
tubercular  infection.  This  would  be  a  case  of  grafting  a  tubercular 
affection  upon  a  simple  chronic  inflammation.  To  assume,  however, 
that  nii  scrofulous  glands,  bones,  and  joints  have  begun  as  simple 
inflammations,  and  that,  if  they  recover,  they  have  continued  simple, 
but  have  become  tubercular  if  they  take  an  opposite  course,  is  a  con- 
clusion unsupported  by  evidence  and  not  in  accordance  with  the  fact 
that  tlic  products  of  many  long-quiescent  scrofulous  inflammations  will 
excite  general  tuberculosis  if  inoculated  upon  animals. 
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LEPROSY. 

This  disease  is  endemic  in  many  {Mirts  of  llic  world,  e'*|Ji'ci:iiIji  i  "■' 
YmsI  and  West  Indies,  Chinn,  South  Amerini^  juid  Kt^tiiiltiriAi  4ih1 
Southern  Africa.  From  the  fourth  to  the  fourteenth  ccniHTy  it  »«» 
widely  spread  over  F.un>pe,  reaching  its  hijjhest  |K)int  nt  liic  time  id 
the  Crusades,  when  thousajids  in  Kngland,  Frnuce,  CtennfUiy,  «nl  aD 
round  the  Mediterranean  suffered  from  the  diseJisc,  and 
Icpcr-asyluras  for  the  isolation  of  the  aiflicted  were  founded.  It 
to  die  away  at  the  beginning  of  the  fiAcenth  century,  aai] 
relatively  extinct  by  the  end  of  that  century,  when  sy|»hilic 
became  prominent.  Leprosy  still  lingers  in  many  spots  in 
particularly  in  Norway,  Sweden,  and  Iceland. 


i  krU 
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VARIETIBS.— There  are  two  chief  varieties  of  this 
tabercxdar  and  aneeitlietic.     In  the  former  the  leuom  affect  chiely 

the  skin,  in  tlic  hitler  chicHy  the  nerves. 

In  tubercular  leprosy,  patches  of  hypenemia  are  fotlovcd 
tluckening  of  the  hkin  and  the  formation  of  nodules,  which  may 
the  sise  of  wuliuits.  These  changes  arc  especially  develo|>cd  on 
exposed  to  the  air — face,  hands  and  feet — and  appear  someiinHV 
singly,  sometimes  in  groups,  lliey  may  begin  tm  di»itiu<rt  entpUM»r 
separated  by  l»ng  intervals  of  time.  The  afTected  »kin  is  first  ina, 
iind  red  or  brownish  ;  it  then  becomes  soft  and  pale  ;  unless  injairCLit 
does  not,  as  a  rule,  ulcerate  until  long  afterwards.  \Miexi  ulcscfs  d» 
form,  they  cause  great  destruction  of  features  and  other  parta  (kf^* 
Mutilans).  Healing  viay  occur.  Tlic  nodulefi  may  afTeet  otl>er  paft*«f 
the  body,  especially  the  extensor  aspects  of  the  limbs^  and  the  rauciHi 
tuembranes  of  the  eye,  nose,  mouth,  and  larynx. 

In  ansathetic  leprosy,  cylindrical  or  fusifonn  swelling  occur  upan 
ncr>-es,  es|M'ciAlly  the  ulnar  and  external  f>opliteal.     Thcae  twrili^k 
surround  long  |Hirtions  of  the  nerves,  aftecHiig  primarily  the  eotaaaa* 
and  later  the  muscular  hninrhes.      At  first  the  skin   i*t  of^ca 
and  hype  nest  hetje ;  later  on  it  becomes  anm>thetic,  pale,  and 
with   the  |vind^'7>ed  nmsclcs.  wastes.      A   btdlous   eruptkm 
(fprosHs)  in  the  area  of  the  afl'ected  nerve  may  Ik*  the  finrt  <ign  of 
disease  :  these  biillie  may  either  dr^',  leaving  |udc   insensitive   patchcx 
or  tliey  may  l*c  followed  at  once  by  ulcers.     Sooner  <»r  later  ulcers  iaem 
u|)ou  the  anursthclic  |Mirt!i,  leading  to  extendi vedestructidm,  and 
dropping  off  of  fingers,  toes,  or  large  ]>ortion8  of  limlw  (irpra 
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The  two  forms  may  nin  their  course  sepanitely,  hut  often  occur 
lojjether.  The  unicsthetic  variety  occurs  chiefly  in  hut  climates.  In 
ench  form  tlic  glands  receivinp;  lymph  from  the  diswLsctl  jwuts  enlarge 
^first  the  superficial  ones,  then  the  deeper.  V^iscera — especially  the 
liver,  spleen  and  testes — may  be  n\so  enlarged.  In  the  tubercular 
[fbnn,  death  results  fnnn  exhnustion  or  some  intercurrent  disease, 
after  a  courne  of  eight  or  ten  years :  in  the  ana'sthetic  form,  the 
duration  is  about  twice  as  long. 

HISTOLOGY. — To  the  iwtked  eye,   the   new   tissue,  wherever 
[tituate,    has    the    greyish    or    yellowish,   semi-transparent,    uniform 
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Fig.   150. —  /'■  ■' r/>rosy.     Section  through  skin.     a.  Showing 

Inftllrntioa  with  leprosy  bacilli.  x  6,  ^.  Showing  bftdlli  in  the 
cells.  X  300.  c.  Individual  bacilli  showing  spores  (?).  x  80a 
(Thin.) 

ap|H'arancc  common  to  so  many  structures.     The  loose  areolar  ti•^stles 
are  chiefly  affected;  and  in  n  le-ss  degree,  lymphoid  tissue.     Micro- 

wpicidly,  the  nodules  consist  of  four  principal  elements.  (1)  Large 
numbers  of  small  and  often  vacuolated  epithelioid  cells,  generally  con- 
taining bacilli  {vide  mfra),  and  frequently  found  in  the  lymph  spaces, 
from  the  endothelial  cells  of  which  they  are  possibly  derived. 
(9)  Large  masses,  known  as  "lepra  cells,"  containing  one  large  vacuole 

id  often  a  number  of  smaller  ones,  as  well  as  b.icilli,  granules,  and 
occasionally  many  nuclei.  These  lepra  cells  may  be  found  inside 
lymphatics,  or  encircling  lymphatics  or  atrophied  sweat  glaiids ; 
according  to  Metchnikolf,  these  are  large  munonucleated  leucocytes 
which  have  "  engulfed  "  the  iMicilli.  (.S)  Clumps  of  free  Iwcilli  in  the 
lymphatics  or  elsewhere.     (V)  An  overgrowth  of  fibrous  tissue. 

The  new  tissue  in  the  skin  ultimately  undergoes  degeneration  and  is 
absorbed,  or  breaks  down.     The  foci  run  together,  and  the  diseased 

trt  apjtears  on  section  to  be  divided  into  nodular  masses  by  fibrous 


426 


THE  INFECriVE  GRANLXOMATA. 


bfuids.     Other  tissues  may,  on  account  of  the  interierenee  with 
nutrition,  necrose  or  atrophy. 

The  lymphatic  glands  contain  small  fibrous  |vitclie$.  As  DcU^aine 
points  out,  the  liver,  spleen  and  ner\'es  all  show  signs  of  chrotiic  Inter- 
stitial inHammation.  The  lungs  are  often  said  to  be  tul>erculiu'.  Thry 
certainly  have  the  appearances  of  organs  undergoing  caseous  brooditK 
pneumonia  ;  but  that  tliis  condition  is  really  due  to  n  teparfUt  ommt, 
such  as  tubercle,  is  doubtful. 


JCTIOLOGY* — From  time  immemorial,  leprosy  has  been  looked 
upon  as  a  contagious  disease,  and  lepers  have  been  rigorously  cxcIimM 
from  social  communities.  A  very  superficial  examination  throws  doabl 
upon  tliis ;  for  in  many  cases  lepers  have  been  known  to  live  In  the 
closest  association  with  healthy  people  without  communicating  the 
disease.  Many  observers  have  maintained  that  the  disemse  U  com- 
municable under  certain  conditions  which  are  rarely  realised.  It 
seems  more  ditKcult  to  prove  the  contagiousness  of  leprosy  than  thsl 
of  phthisis,  and  it  certainly  is  not  so  great 

It  may  be  noted  that  leprosy  flourishes  in  all  climates  and  upmi  all 
soils ;  that  |)oor  diet,  and  salt  6sh,  do  not  appear  to  be  special  fadMi 
in  its  aetiology,  as  some  have  thought  ;  and  that  the  disease  does  Mt 
seem  to  be  hereditary',  although  Hirscli  held  linnly  to  the  opporilr 
conclusion.  Children  bom  of  leprous  parents  in  leprous  places  imy 
acquire  the  disease,  but  so  may  outsiders  entering  such  a  place. 
Possibly  there  may  be  some  slight  hereditary  prcdispo^ttion  analogma 
to  that  believed  to  exist  in  the  case  of  phthisis. 

Observers  are  agreed  tliat  there  is  constantly  present  In  all  the 
recent  primary  lesions  of  leprosy  a  Kicillus  very  closely  resembling  ta 
its  characters  the  tubercle  bacillus  (p.  ."jy^j).  So  close  is  this  re- 
semblance that  the  chief  point  of  interest  in  the  {Mthology  of  thin  dis- 
ease at  the  present  moment  is  to  determine  whether  the  two  ctrgaft- 
isms  are  srparalc  species,  or  only  modifications  of  a  Kxngle  species. 

The  bacilli  found  in  k-prosy  may  vary  in  sha|>e.  ftixe,  and  stainiiif 
atfinitie-s.  iVK-pinc  showed  that  in  a  single  patient,  the  badlli  free 
in  the  tissues  were  shorter  and  more  readily  staiaed  than  those  in  the 
lepra  cells;  while  those  in  the  skin  and  mucous  membranes  werf 
longer  and  more  rapidly  stained  than  those  in  the  liver  and  tplccSL 
The  bacilli  are  ditncult  to  find,  both  in  the  neighbourhood  uf  ulcen- 
ting  surfaces  and  in  the  lungs.  They  are  said  to  occur  in  dc&Bttn 
clumps  (Hanscn)f  and  to  1>e  thus  distinguishable  from  tubercle  1mc& 
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Attempts  to  cultivate  the  organism  have  so  generally  failed  that 
the  few  rcconled  exceptions  are  of  little  value  until  more  fully  con- 
led.  Amid  conditions  under  which  the  tubercle  bacillus  will 
flourisli,  the  leprosy  bacillus  will  not  even  grow  at  all. 

Nor  do  inoculation-experiments  give  decisive  results.  In  the  case 
»f  a  criminal,  the  disease  followed  inoculation — offered  as  an  alternative 
to  execution — but  the  man  had  up  to  this  point  been  in  frequent 
contact  with  letters.  Whether  the  atfected  tissues  be  introduced  into 
other  parts  of  leprous  patients,  or  into  animals,  the  results  are  uni- 
formly unsuccessful,  though  the  bacilli  themselves  arc  not  destroyed, 
for  they  can  be  found  months  afterwards  in  the  tissues. 

The  constancy  of  the  association  between  (I)  a  certain  set  of 
clinical  manifestations,  (^)  a  fairly  definite  series  of  pathological 
changes,  and  (3)  the  invariable  presence  of  a  special  bacilluSi  con- 
stitutes the  greater  part  of  the  evidence  in  favour  of  the  view  that 
this  organism  is  a  distinct  species  and  the  specific  cause  of  the  disease. 
.It  at  present  remains  uncertain  whether  the  organism  is  a  modiiied 
form  of  the  tubercle  bacillus  or  not.  Delepine  thus  sums  up  the 
evidence  in  favour  of  the  view  that  it  is  such  a  modification : — 
"(I)  The  characters  of  the  bacillus  and  its  staining  reactions. 
(2)  The  nature  of  some  of  the  lesions.  (;i)  The  frequency  of  phthisis 
and  scrofula  in  leprous  patients  (over  twenty-five  per  cent.)  or  in  their 
antecedents.  (4)  The  difficulty  of  obtaining  any  result  from  inocula- 
tion with  the  most  typical  and  advanced  leprotic  lesions.  (5)  The 
success  of  inoculation  with  products  obtained  from  organs  less  typically 
affected,  such  as  the  lungs.  (6)  In  crises  of  successful  inoculation,  the 
production  of  a  disease  which  is  generally  tuberculous,  or  indistinguish- 
able from  tuberculosis."* 

It  seems  strange,  if  this  view  be  correct,  that  the  reversion  to  the 
original  type  does  not  take  place  more  frequently,  and  that  leprosy  as 
a  clinical  entity  does  not  disappear. 


SYPHILIS. 

The  lesions  occurring  in  the  course  of  constitutional  syphilis  also 
belong  to  the  class  of  Infective  Granulomata.     They  are  inflammatory 


*  The  student  is  referred  to  n  very  nble  description  of  a 
in  Trans.  Path.  Soc.  of  LandoH,  vol  xlii.  p.  386.  1S91. 


of  this  disease  by  Oel^fune 
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in  their  nature,  but  in  their  seats,  distribution,  stqaencc,  imd  fa 
logical  charactenij  present  certain  peculiarities  whicli  make  than 
characteristic  of  this  disense.  The  prinmr)-  syphilitic  lesUni  (luaally 
the  indurated  chancre)  occurring  at  the  point  nf  inoculation,  is  faUAvri) 
by  enlargement  of  the  neighbouring  lymphatic  glands ;  and,  later  <mx^ 
when  the  virus  becomes  generalised,  by  a  scries  of  changc«  in  tht  skia 
itnd  mucous  membnines.  At  a  sUll  later  period  tlirse  may  be 
Nucceeded  by  chajigcs  in  the  nervous  systein^  Ixmes,  and  internal 
organs,  most  of  them  the  results  of  inflammatory  pruccatscs  iodnred 
by  the  syphilitic  iwison.  Though  not  yet  certainly  rccoftnlacd*  tfae 
n(Khilar  nature  of  the  lesions  demonstrates  the  jwirticulatc  i 
cause,  aiul  the  multiple  foci  of  disease  prove  its  power  oi  m 
Syphilis  has  now  taken  its  place  in  the  classification  of 
a  "chronic  general  infective  disease." 


-Uir 

tiun. 
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APPEARANCES •-  I.  Early  Lesioiis.— Many  of  th« 

anatomically  iiidistiiiguishnble  from  simple  inflammations  of  Ihe- 
parts.  The  rashes,  for  example,  are  due  to  inflammatory  hypervittla 
with  more  or  less  in6ltration  of  the  supeHicial  layer  of  tile  lidat 
enlargement  of  the  papilltc,  and,  often,  excessive  epithelial  innltipBoi* 
tion.  As  a  rule  these  inflammations  end  naturally  in  rcsolntioR ;  bat 
in  tissues  of  feeble  resisting  power  they  may  ulcerate.  Knrly  sjphditk 
{»eriostitis  (mtdcx)  is  indistinguishable  from  traumatic  infliunnutMia, 
and  syphilitic  iritis  is  diagnosed  from  rheumatic  only  by  cancomttaBt 
circumstances. 

II.  I«ater  I«eBionB.  —  The  most  frequent,  but  not  tbe  tamk 
characteristic,  of  these  changes,  is  fibroid  indoratioii.  Ana 
this  is  ordinary  productive  inflammation,  endinj^  in  scar-tisNuc  (p. 
When  the  fibrous  tissue  is  gradually  developed  without  evidence 
any  change,  except  such  degeneration  and  atrophy  as  may  (lepeiid 
the  subsequent  contraction  of  this  tissue,  it  is  sometimes  ^lokco  of 
an  overgrowth  of  {•onncctive-tissue.  Its  appearance,  however,  Tvies  ta 
tiifTercnt  cases  and  in  different  parts  of  the  same  tirgan.  Sometinimtbr 
new  tissue  consists  almost  wholly  of  cells  with  but  little  intcrcelUlar 
substance,  sometimes  of  cells  in  a  markedly  fibroid  matrix  ;  aod,  at 
others,  of  dense  fibrous  tissue  only.  The  infiltralioik  rr»/y  be  gcneraL, 
but  much  mure  conmionly  the  fibroid  areas  arc  separated  by 
poratively  healthy  portions  of  the  organ.  It  is  the  irrrgmiar 
of  tliese  lemons  which  makes  them  so  cfuiracterUiic  of  mfpkilU* 

The  capsules  of  organs   are   irrvpdarly  thickened      any 


SYPHILIS. 


isg 


tverings  they  may  possess  are  sure  to  be  involved  ;  und  more  or  less 
[enera!  julhesion  to  hurrountling  parts  occurs,  'I'liese  changes  are  seen 
ill  syplnlitic  hepatitis,  splenitis^  iu\d  orcliitLs.  In  the  orchitis,  the 
^coincidence  of  hydrocele  proves  during  Hfe  the  nfTeclion  of  the  tunica 
vaginalis  The  irregular  thickening  of  the  capsule  is  the  most  marked 
feature. 

As  the  fibrous  tissue  contracts,  the  organ  shrinks  and  often  becomes 
of  stony  hardness ;  but  the  irregular  dii^tnbution  of  the  exudation 
koften  causes  unequal  contraction  and  puckering  of  the  surface, 
amounting  in  some  cases  to  the  formation  of  deep  fissures  which  almost 
divide  the  organ  into  lobes.  In  these  cases  the  diffuse  growth  has 
probably  been  combined  with  the  gummatous,  ami  the  thickened 
capsule  is  connected  with  fibrous  rays  which  extend  deeply  into  the 
surrounding  tissue. 

Naked-eye  examination  of  a  testis,  which  has  undergone  these 
changes,  shows  adhesions  between  tlie  layers  of  the  tunica  vaginalis, 
witii  inter\'ening  spaces  containing  fluid,  marked  thickening  of  the 
tunica  albuginea  and,  extending  from  it  into  the  organ  towards  tiie 
mediastinum,  dense  bands  of  fibrous  tissue.  The  natural  reddish-brown 
colour  of  the  tubules  is  replaced  by  a  much  ]>aler  whitish-yellow  tijit, 
in  which  islands  of  normal  tissue  may  remain.  The  consistence  of  the 
gland  is  greatly  increased.  One  or  two  gummata  may  also  be 
present 

When  occurring  in  bone,  formations  of  this  kind  often  ossify.  Lender 
the  periosteum,  they  cause  thickening  of  the  bone.  In  the  Haversian 
canals  and  cancellous  spaces  they  lead  to  increase  in  its  density. 

These  cell-formations  do  not  always  go  on  to  fibroid  induration  ; 
they  may  resolve,  and,  under  the  influence  of  iotlidc  o(  pobissium, 
generally  do  so  with  marvellous  rapidity,  provided  they  are  at  all 
recent  Probably  the  inflammatory  products  undergo  fatty  degenera- 
tion previous  to  absoq»lion. 

Gummata,  Syphilitic  Tumours,  Syphilomata. — Anatomically 
these  are  the  most  charncteristic  lesions  of  syphilis  ;  they  are  frequently 
associated  with  the  fibroid  induration  just  described.  As  usually  met 
with,  they  are  moderately  firm  yellowish-white  nodules,  having  on 
section  an  apjicarance  suggestive  of  the  cut  surfact-  of  a  horse-chestnut. 
They  vary  in  size  from  a  hemp-seed  to  a  walnut,  and  ore  surrounded 
by  a  zone  of  translucent  fibrous-looking  tissue,  which  sometimes  bos 
the  apfiearance  of  a  ca|)sule,  and  which  is  so  intimately  associated  with 
the  surruunding  structures  that  enucleation  of  the  mass  is  imjmssible. 
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The  outllac  of  the  grovth  b  g-eocnlly  InrfcuW  owtog  to  Ibe  tumber 
flrfibnms  procesMt  iriudi  mdiate  from  it  along  Um  laUirBl  aepU  df  Uk 
«fgafL  In  the  ocrfirr  stages  of  tbdr  ikielupitat,  when  thc^r  to 
oone  oader  obsenratiao,  gtumnata  are  nwch  •after  la 
Taicslar,  and  of  a  reddish-white  oolottr ;  whDsl  (n  their  i 
owing  to  extensive  degenerative  chaogca,  they  mar  bt 
opaqoe,  jeJlow,  and  &tt)r. 

Rxamined  mtftomttjmcalUff  gninmata  arc  found  to  varr  in  thc^ 
minute  rtnirture  accorrling  to  their  age.  When  reccat  thcj  aw 
divisible  into  three  sunes.     The  enirai  portions  are  compoMd  of  cintdj 
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Fia  151. — Gmmmy  CfvtotM  from 
Utfer.  a.  Ontnl  portions  of 
frowth  oonsiftUiig  of  gnuiuUr 
(SAiris.  k,  l^eriphfnl  granaU- 
Uoo-lbftoe.  r.  A  bkxxl-veuel. 
%  100.    (Comil  and  Kanvier.) 


Pia  159.— rw  FtHpkermt  FmfHm  tf 
a  Oummjf  Cnm^  im  tM*  Kidmtf. 
Showing  the  snuU-eeD  (naiiteifiaA- 
growlh    in    the    tatet 


packed    shrunken    cells    and 
amongnt  which  Is  gcncmlly  1 


nuclei^   fiit   grannies  and   cholcsteriari 
little  fibrjUated  tissue    (Flf(.    151,  m). 

SurmiindinK  thiK  nmJ  directly  continuous  with  it  H  the  I'lifuwiilBilf 
xonr,  consiHtirig  of  epithelioid  cells  in  n  distinctly  6brilUted  matiiiL 
Tlir  periphrnil  |K)rtion  of  the  gmwlh  (l''ig  ITiI,  h,  nnil  Tig.  15^),  whkh 
U  in  direct  hiKtulu^cul  cuntinuity  with  the  surrounding  strurtufeK 
consists  inalnly  of  leucocytes,  though  epithelioid  and  even  giant-celh 
arc  alw)  found.  (>iant-cells  arc  much  rarer  than  in  lul>ercle.  The] 
rcllx  are  ftcpuratrd  by  a  scanty,  homogeneous,  intercellular  material 
numcmuH  new  bluod-vessels. 

In  older  gunnnntJij  only  two   rones  tuny   be  apparent,   eui 
cuseouji  umv  and  an  mtt a-  or  ^fibrous  xone.     The  origin  of  tlic  rcQft 
each  ease  in  mo6t  likcl}'  the  same  as  in  tulicrcle.      It  seems 
however,  that  the  chemical  cflccts  of  the  s)'philiUc  virus  arc  lea* 
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to  the  life  of  the  new  cells  than  arc  the  correspontJinn  effects  of  the 
tul>crciilar.  The  further  development  of  the  new  tissue  therefore 
proceeds,  and  vessels  are  formed.  The  caseation  whirJi  next  occurs  is 
not  so  much  due  to  the  direct  action  of  the  virus  as  to  tlie  subsequent 
shultinp;  off  of  the  blood-supply.  By  means  of  changes,  presently  to 
be  described,  the  walls  of  the  blood-vessels  in  the  centre  of  a  gumma  be- 
come Ihickenetl,  and  in  thickening,  encroach  upon  and  nearly  obliterate 
the  lumen.  Subsequent  thrombosis  in  the  affected  vessels  completes 
the  interference  with  the  blood-stream.  To  these  changes  must  also 
be  added  the  strangulating  effect  on  the  blood-vessels,  produced  by 
the  contraction  of  the  new  fibrous  tissue.  The  parts  thus  gradually 
deprived  of  blood  must  degenerate,  and  this  occurs  at  a  comparatively 
early  stage,  although  not  so  early  as  in  tubercle.  When  the  gumma 
is  large,  and  particularly  when  the  epithelioid  cells  are  present  in  large 
numbem,  the  nmss  may  be  seen  to  be  made  up  of  an  agglomeration  of 
smaller  growths,  each  having  the  characteristic  structure.  Wiien  the 
leucocytes  especially  predominate,  the  foci  run  together  and  their  out- 
lines are  lost. 

In  cnrlff  stages,  before  they  have  produced  marked  destruction  of 
tissue,  gummata  may  disappear.  In  later  stages  their  central  fatty 
portions  are  frequently  absorbed,  leaving  a  radiatiTig  puckered  scar : 
calcification  is  rare.  \ot  uncommonly,  under  conditions  which  are 
not  understooil,  gummata  soften  and  excite  suppuration  around  them ; 
the  abscess  bursts,  and  a  yellow  slough  is  exposed.  This  has  a  very 
sharscteristic  appearance,  like  "  wet  wash-leather  " — tough  and 
coherent,  very  unlike  the  dead  tissue  thrown  out  from  the  caseous 
centre  of  a  tubercular  focus.  It  gradually  becomes  detached,  leaving 
a  larger  or  smaller  cavity  with  soft  ragged  margins.  These  changes 
can  often  be  seen  in  the  tongue.  Gummata  of  the  sl-m  and  tnvcous 
memhratu'n:  are  the  most  prone  to  take  this  course.  These  ulcerations 
must  be  distinguished  from  the  superficial  ulcerations  connected  with 
the  early  rashes. 

Gummata  are  met  with  in  the  skin  and  subcutaneous  cellular 
tissue  ;  in  the  submucous  tissue,  especially  of  the  pharynx,  soft  palate, 
tongue,  and  larynx  ;  in  muscle,  fasciw,  and  lK»ne  ;  and  in  the  con- 
nective-tissue of  organs — especially  of  the  liver,  brain,  testicle,  and 
kidney.  Gummata  also  occur,  but  much  less  frequently,  in  the  lungs, 
especially  in  congenital  syphilis :  simple  localised  fibroid  indurations 
are  found  under  the  same  circumstances.  They  generally  form  late, 
or  "tertiary,"  manifestations;  but  they  m/iy  occur  at  quite  an  earlv 
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stage.  No  hard  line  coii  be  drawn  ctmicaiiy  between  the  tcoomftny 
and  tertiary  staj^,  and  none  ean  be  drawn  fMiihttUtgica/fy  between  the 
products  of  these  stages.  Most  are  inHammator)' :  of  the«e  ao«DC  are 
cirniinscribed  and  some  diffuse.  Kven  tlie  hard  cluincrc  has  the  same 
stnicture  as  the  first  stage  of  a  jjcumma — leucae^tcs,  epitbcliaicl-ccU^. 
and  giant-eells  in  a  fibrillar  matrix. 

At  various  places,  attention  has  been  drawn   to  rrsemblaiieea 
distinctions  between  tubercular  and  syphilitic  formations.     The 
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Fit;.  xs^—Sy^hiHtic  Distase  €f  Certtrat  ArieHff, 
A.  Segment  of  middlr  cviclwnl  mnery,  tranEverav  tcctioD— K  thfc 

inner  coal ;  (,  ciiiiutheliuro  ;  /,  nirmbrana  feitcstnita ;  «. 

coal ,  If,  tuJvcniitta.      x   joa     Reduced  \. 
D.  Smi&ll  ortrry  of  pia  m.itrr,  Iransvrrw  KcUon.     Sbowinf  tbtckcadi 

lancr  coat,  diminished  lumen  of  vessel,  and  ooosidenibU*  ia6UraUaB 

of  Advciiiiito,    T\\t:  cavity  of  the  vcucl  is  occupied  by  a  clot,     k  loa 

Rcdttordi.    (Barlow.) 

of  contrast  may  be  thus  summarised.  In  syphilin  (1)  the  conta^pon  l» 
more  easily  traceable  ;  (^)  the  foci  are  larger,  and  show  «  j^reotcr 
tendency  to  organisation,  while  endarteritis  oi  their  vrth  k  m^ 
variable ;  and  (3)  the  lesions  are  always  local,  and  pigmeatatioci  I* 
common. 

Changes  in  Vessels* — Certain  changes  in  the  aKeric«,  kaown  m 
Endtirimiix  ttftfUrnins,  occur  in  syphilis. 

In  tile  cerebral  urtt:rieh  the  changes  produce  opacity  oiiil 
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ickening  of  the  vessel,  with  considerable  diminution  in  its  calibre. 
It  is  this  diminution  of  the  lumen  of  the  vessel  which  is  especially 
haracteristic.     The   smaller   vessels,  arteries   and  veins,  are   chiefly 

*eete<l^  and  their  lumina  may  be  quite  obliterated. 

When  tranverse  sections  of  the  vessels  are  examined  microscopically, 
the  principal  change  is  seen  to  be  situated  in  the  inner  coat  (Kig.  1 5a). 
This  coat  is  considerably  thickened  by  a  cellular  growth.  The  growth, 
which  is  hmited  internally  by  the  endothelium  of  the  vessel,  and  ex- 
ternally by  the  membrana  fenestrata,  seems  to  consist  of  "productive  ** 
inHanimalory  tissue  (p.  27(>). 

In  addition  to  this  change  in  the  intima,  the  outer  coat  is  abnormally 
vascular  aiid  infiltrated  with  small  cells  (Fig.  153),  and  this  cellular 
infiltration  usually  invades  the  muscular  layer  as  well.  The  marked 
diminution  of  the  lumen  of  the  vessel,  ajul  the  consequent  inter- 
ference with  the  circulation,  coupled  with  the  changes  in  the  endo- 
thelium, frequently  lead  to  coagulation  of  the  blood  {iftrtrnthons)  and 
cerebml  s*)ftcning  (pp.  tiO,  and  250). 
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JCTZOIjOOY* — Strong  as  is  the  ciinical  evidence  of  the  infective 
ture  of  syphilis,  nothing  positive  is  known  of  its  cause.  The  general 
similarity  between  the  lesions  of  sypliilis  and  those  of  the  other 
infective  granulomata,  lends  weight  to  the  sup]>osition  that  the  virus 
is  an  organism  which  enters  through  a  mucous  membrane  or  through 
an  abraded  surface  of  skin,  and  is  carried  into  the  blood  indirectly  by 
the  lynijihaticj;,  and  directly  by  the  blood  itself;  for  the  earl^  de- 
struction of  an  infected  surface  fails  to  ])revent  the  general  disease. 
The  poison  exists  in  the  primary  sore,  in  mucous  tubercles,  and  all 
condary  sores,  and  in  the  blood  during  the  eruptive  i»eriod.  It  is 
doubtful  whether  it  is  present  in  pure  lymph,  such  as  may  be  obtained 
from  a  vaccine-vesicle.  It  is  not  present  in  normal  secretions,  as 
saliva,  mucus,  semen.  The  discharge  from  tertiary  or  gummatous  ulcers 
is  not  infective. 

Klebs  inoculated  apes  with  portions  of  syphilitic  tissue,  and  produced 
a  disease  closely  resembling  syphilis. 

During  recent  years,  many  observers  have  described  organisms 
which  they  have  found  in  syphilitic  lesions.  None  of  these  results 
have  up  to  the  present  time  been  sufficiently  confirmed.  Lu^tgarten, 
ill  piirticularj  has  described  a  bacillus  very  similar  if  not  identical  with 
that  usually  present  in  the  smegma  preputii.  liut  in  this,  as  in  other 
cases,  nothing  certain  Is  yet  known. 

2e 
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SjrpUUtic  Disease  of  the  Uver. 


The  Uver  it  one  of  the  mock  frequent  «eftts  of  sypfailitic  lorioni. 
The  moat  ooamwo  dioage  U  the  derdopoiCfit  of  fitircMd  «tuS  gutnnj 
grovths  in  the  substance  of  the  organ.  In  the  spreading  vtage,  the 
maigiia  of  gonmiata  arc  ilJ-dcfiocd,  round  odb  Infiltvatiag  tl»c  Mr- 
KNtnding  lirer-tissue.  The  grovths — which  are  oauaDj 
with  0>road  thickenings  of  the  capsule  and  atQsocnk  peril 
■ometnocs  oooaist  simply  of  a  dcme  §bniA  stnictnrc.  More  cook 
-RionlTy  howerer,  gamroata  are  found  embedded  in  this  fibmid  grvwlk. 
In  the  former  case,  it  is  possible  that  the  gummata  may  have  bcmuM 
absorbed.  In  congenital  syphtlis,  recnsf  gmrttnita  are  freqnmtly  asci 
with. 

The  development  of  these  growths  produces  very  marked  altetatka 
In  the  form  of  the  liver.  Scar-like  depreasiotis  are  aecn  oa  ita  mhImc, 
and  the  organ  is  irregularly  and  often  very  deeply  pnekcred. 

A  more  gencrul  fibroid  change,  not  associated  wKh  the  ftsrfnatiam  sf 
gummata,  is  occasionally  met  with  in  the  liver  in  congenital  syphflla 
This  change  closely  resembles  ordinary  cirrhoais»  altltou^  the  inte^ 
cellular  network  of  the  liver  is  usunlly  more  exteosivcly  iuvolred. 

Lastly,  it  must  be  mentioned  that  the  liver  in  sypKilis  is 
lardaceous. 


uU|IICBI^^ 


It  is  unnecessary  to  describe  the  syphilitic  leskms  which  oeenr  ■ 
other  organs,  as  they  all  present  the  same  gtmcral  characters — vit. 
celUinAltrations,  scars,  fibroid  indurations,  and  gummata,  "'"'^ 
combined. 

Certain    chronic   degenerative  changes  in  the  nervous  njiUa 
attributed  to  s^-philis  among  other  causes.     Tlic  degencimttoa  of 
nerve-tissue  is  accompanied  by  an  apparent  overgrowth  of  oevregfta 
The  s\'pbili8  probably  acts  by  interfering  with  the  natrition  of  the 
dendrites,  and  Atrophy  of  the  fibre  follows  (sec  Chapter  xxxiL), 
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GliANDERS  AND  FARCY. 

These  are  varieties  of  one  disease,  due  probably  to  lUfferencc 
the  point  of  entry  of  the  poison,     lu  Glanders,  the 
membrane  and  its  prolongations  are  the  seat  of  the  earliest   U 
the  skin  and  subcutaneous  tissue.     Each  farm 


Tarcy, 


nuy 


rapid  or  a  slow  course,  and  in  man  it  is  usual  for  the  tymptosns  e' 
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►ne  to  supervene  sooner  or  later  upon  those  of  the  otlicr.  The  diseases 
are  common  among  equine  animals,  especialiy  horses,  and  are 
communicable  from  them  to  other  animals,  including  man.  This 
happens   but  rarely.       The  disease  is  also  transferable  from  man  to 
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NATURE  OF  THE  LESION.— The  characteristic  lesions 
in  farcy  correspond  to  some  intermediate  stage  between  an  acute 
abscess  on  the  one  hand,  and  a  typical  tubercle  on  the  other.  They 
are  best  seen  in  the  more  chronic  varieties.  A  circumscribed  nodule 
(farcy-bud)  appears,  vurj'ing  in  size  fron»  a  just  visible  point  to  that 
of  a  pea  or  bean.  On  section  this  is  found  to  consist  of  small  round, 
and  epithelioid  cells :  vascularisation  is  at  best  very  imperfect. 
Degeneration  occurs  early,  and  more  or  less  acute  suppuration  follows. 

^hen  a  farey-bud  forms  near  a  free  surface,  an  ulcer  with  a  sharply 
cut  indurated  margin  and  a  very  foul  ba.se  usually  results.  Such  ulcers 
may  heal,  but  their  course  is  generally  very  chronic.  In  the  more 
acute  forms  of  the  disease,  the  poison  sets  up  ordinary  suppuration  at 
the  spots  where  it  develops.  The  infiainmation  is  not  always  circum- 
scribed :  sometimes  it  is  diffuse,  giving  rise  to  infiltration  of  muscles, 
subcutaneous  tissue,  and  the  connective-tissue  of  the  orbit.  This 
is  succeeded  by  suppuration  at  several  points,  or  tliroughout  the 
infiltrated  tissue. 

COURSE  OF  THE  DISEASE. — A  wound  is  a  common 
place  of  entry ;  mucous  membranes,  especially  the  conjunctival  and 
nasal,  are  also  seats  of  primarj'  infection.  In  many  cases  there  is  no 
evidence  to  show  how  the  poison  has  entered. 

In  acute  glanders,  after  a  variable  period  of  incubation,  inHam- 
matory  nodules  appear  in  the  mucous  membrane  of  the  no.se,  frontal 
sinuses,  or  other  places,  and  run  on  more  or  less  rapidly  to  suppuration 
and  ulceration.  The  submaxillar)*  and  cervical  glands  swell— ^from 
infection  througli  the  lymphatics.  The  fever  and  mtico-purulent  or 
bloody  discharge  from  the  nostrils  are  thus  explained.  The  poison 
now  enters  the  blood  and  is  carried  lo  distant  parts,  giving  rise  to 
metastatic  inflammations  in  the  lungs  and  other  internal  organs,  in  the 
skin,  and  in  the  mucous  membranes  of  the  respiratory  and  alimentary 
tracts.  Abscesses  in  the  subcutaneous  and  intermuscular  tissues  arc 
common,  mid  suppuration  in  joints  occurs.  In  fact,  the  disease 
tsembles  pyannia  in  many  respects,  being,  like  it,  due  to  the  dis- 
l>v  the  blofKl  of  a  [>otson  capable  ot  eliciting  suppuratiom 
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The  Al>sccsses  in  organs  are  generally  small,  but  may  reach  a 
size.     T^e  respirator^'  and  alimcnlnrj-  mucous  mrmbrnnc^  arc  pcrfcap* 
directly  infected  from  the  nose.     On  the  skin,  rrd  |wt|>ulc&  and  lafgcr 
patclies  of  iuHamniaUon  a])pear.     On  tlicsc,  vcsudes  and  then  pust 
— often  with  htemorrha^c  contents — quickly  develop.     These  co' 
lute  the  rash  of  the  disease.    The  earliest  stage  is  a  collection  of  rcw 
cells  in  the  superficial  part  of  a  |Mpilla ;  a  little  later  a  pustule  U  fouml 
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Fb.  154.— .^rt-zAm  through  a  *'  fit/id"  in  fhr  Shim  fnm  d  r>tr  ^  yf  rs* 

Furry,      the  horny  layer    has  mostly  duappeued  *•  '»{, 

pighian  layer  i»  pushed  upwards  by  the  MibjacCDI  alac'  ■« 

.i),     'Ilif  m»is  of  pus>corpmc1es  is  jtisl  Urnking  down  i'.  lurtn  a 
cavity,  the  walls  uf  which  are  InfiUraicd  with  ^^imiUr  crllik 
{ Krofi)  a  spcciroeo  by  Mr.  Hoyd. ) 

I, ImV)^ developed  under  the  rete.     TIic  fever  is  high   throughout  t 
dbHiCivtgftnptoms  of  prostration  appear  early,  and  death  uccun  with 
the  signs  of  septic  jwisoning. 

lu  Chronic  Farcy  large  *'bud*»"  appear  in  the  subctt 
sulmuicousj  and  intermuscular  tifisueA.  The  " budH  "  near  the 
l>rrak.  down  slowly,  and  fnnii  fout  ulcen^,  the  lyniphatlcs  beoumc 
swollen,  hard,  and  knotted  ;  the  glands  are  greatly  cnlarKed.  The 
general  symptoms  arc  much  milder.  This  form  oHm  cuds  Id 
recover}*.  The  symptoms  of  acute  glanders  frequently  sapcrvcsic 
before  death. 

XTlOUOOY^—lu  the  pu!i  of  abscesses  in  gUndcn>,  SchuU  ami 
l^i-lHcr  f(mnd  slender  nnls  Mimller  than,  but  resenibUnj;  gmrfallv 
the  Imcilli  nf  tuWrcle.  Cultivntcil  in  thr  serum  of  horse's  1»1<nm1,  (Iicv 
TOiU  fonncd  colonies,  nuiiutaining  their  initial  form.  AA-cr  r— ^ — *^^ 
ruUivation,  to  ensure  purity  fnnn  the  original  pu»,  ditfcmit 
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^ere  inoculated.  Tl»c  result  varied  with  their  susecptibility.  In  all, 
an  indurated  uleer  npjietired  at  the  site  of  inoculation ;  and  cordy 
lymphatics  rao  thence  to  swollen  glands.  In  some^  metastatic  abscesses 
fomu'd  in  internal  organs;  in  others,  death  nccurred  rapidly,  with 
syniplonis  of  septic  poisoning.  In  all,  the  al>ove  bacilli  were  found. 
Two  horses  were  inoculated  from  a  fourth  cultivation  :  after  some  days' 
Uieubation,  the  .symptoms  of  glanders  set  in,  and  the  older  horse  died 
in  fourteen  days.  Fhe  utlker  was  extremely  weak  and  was  killed  next 
day.  The  |>ost-mortem  si^s  were  the  Mime  in  both — viz.,  a  sore  the 
fiize  of  a  shilling  at  the  site  of  inoculation ;  h*irtl  and  swollen 
lyniplmtics,  leading  theuce  to  glands ;  abscesses  in  the  lungs^  from  the 
size  uf  a  pea  downwanls ;  farcy  buds  and  ulcers  studding  the  nasal 
niucosji. 

By  tJiis  one  series  of  experiments^  it  would  seem  that  this  bacillus 
has  been  proved  to  be  the  cause  of  glanders  and  farcy. 

An  extract  of  the  cultures  has  iK'cn  prepared  and  is  known  as 
maUtin,  When  injected  subcutanetnisly  in  cases  of  glanders,  it  gives 
rise  to  an  inflammatory  reaction  at  the  seat  of  the  disease.  In  doubt- 
ful cases  animals  are  therefore  injected  with  mallein  as  an  aid  to 
diagnosis  (p.  345). 
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This  disease  was  first  described  in  IS70.  It  is  equally  distributed 
between  the  sexes,  and  occurs  in  jieople  of  all  ranks  of  Ufe  between  the 
ages  of  fifteen  and  forty.  The  only  case  recorded  in  Knglaiid,  occurretl 
In  the  person  of  a  (inatemalan  un<ler  the  care  of  Semon  and  Payne. 
There  has  been  no  rwuson  for  suspecting  any  connection  with  tubercle, 
syphilis  or  other  widespreading  disease :  anti-sy})hilitic  treatment  has 
always  been  without  effect. 


APPEARAPfCES.  The  disease  consists  in  the  fonnfition  of  Rat 
or  elevated,  ^^harply  defined  plaques  or  masses  of  new  growth  which  are 
hard,  tender,  and  elastic.  Their  primary'  scat  is  in  the  skin  or  mucous 
membmne  near  the  anterior  narcs,  which  they  obstruct  They  first 
force  die  alu-  nasi  a]>art  and  render  them  so  rigid  that  little  impression 
cjin  l>e  made  U|K>n  them  :  indeed  the  nose  below  Llie  bones  has  been 
compared  to  ivorj'or  plaster-of- Paris.  From  the  front  of  the  nose  they 
may  spread  to  the  upi>er  lip  and  even  round  the  whole  mouth — greatly 
narrouing    tlie   orifice — and   thence  to  the  gum«.     More  commonly 
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however,  they  spreotl  from  the  nasal  orifices  back  throuj^  the 
cavities  (both  sides  being  soon  affected),  block  the  Uchiymal  docti^ 
and  reach  both  hard  and  sod  palate,  which  become  infiUratrd, 
the  latter  is  also  disfi^rcd  by  scar-contraction.  T\\e  intiUmtion  may 
spread  to  the  pharynx  and  glottis,  inducing  rigidity  and  closure  of  the 
latter  orifice,  and  consequent  aphonia  and  dyspntra.  In  a  case  rrpofied 
by  Kaposi,  one  of  the  cheeks  was  involved  to  such  an  extent,  thjit  thr 
nose  seemed,  by  comparison,  depressed.  Similar  changes  ha^e  been 
described  in  both  external  auditory  canals,  and  in  tlie  cxtrmid  audiUicy 
meatus.  The  growtli  has  never  been  known  to  generalise,  mtud  far  yrsn 
the  health  remains  unaffected.  When  the  disease  is  not  interfonl 
with,  extension  is  slow,  but  continuous.  Itecurrence  has  inviuiably  aad 
rapidly  followed  even  apparently  complete  removal. 

The  masses  round  the  nostril  arc  like  keloid  or  hypertrophic  vemn. 
They  are  light  or  dark  brownish-red  in  colour,  and  here  And  thrtr 
smooth  and  fissured.  The  skirk  around  is  quite  normal.  Inhere  b  littic 
or  no  tendency  to  ulceration — after  years  it  nmy  just  be  cxcoriaicd. 
Injuries  excite  little  or  no  reaction :  after  removal  of  a  piece,  it 
and  ftkins  over. 


m 


HISTOLOGV. — Dense  infiltration  of  the  coriuni  with  small  rcmtii 
rtrWs  is  found.  The  cells  lie  in  a  stroma  which  is  frequently  libnlUtrd, 
and  usually  presents  some  dense  bands,  upon  which  Payne  «uppa»ei 
the  great  hardness  of  the  growth  to  depend  ;  in  some  caters,  lioiirvrr 
cartilage  and  bone  have  been  found  in  the  stroma.  Many  of  the  ceUi 
arc  spindle-slia|>ed,  and  a  few  may  lie  epithelioid,  but  Urgr  crtt- 
forms  are  the  exception.  The  gniwth  is  tolerably  \.iHruUr 
presents  no  tendency  to  fatty  degeneration.  Comil  dc»cril>es  some 
the  cells  as  containing  "  hyaline  masses,"  which  may  also  be  prc«cnl 
in  the  ti-ssue. 

As  in  lupus,  down-growth  of  epithelial  {nocesses  into  the  ^ranalatla^ 
tissue  of  the  corium  is  usual. 


vrr, 


JETIOLOGY. — The  question  of  c4mtagion  has  not  been 
but    the    disease    is    regarded    by    most    authorities    as    an    infc 
granuloma  on  account  of  its  morbid  anatomy.  cou|>lcd  Willi  the 
presence  of  a  bacillus  (Frisch),  sjiid  by  different  oliservcrw  to  occur  in  tbr 
cells,  lymphatics  or  tissues.      Payne  figures  them  Jn  all  three  aituatkmiL' 
The  bacilli  are  short  and  thick,  ovoid,  or  even  round,  and  two  arv  aAd 
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bound  together  as  cJiplococci  in  n  capsule.  The  organism  has  been 
cultivated:  it  grows  rapidly  at  1)7  to  100  F.  Inoculations  made  with 
the  culture  or  with  pieces  of  the  growth  ujx>n  the  noses  of  dogs,  have 
always  failetl.  Proof  of  the  etiological  relationship  between  this  germ 
and  the  disease  is  therefore  defective.  It  has  been  suggested  that  the 
rrganism  is  possibly  a  modified  fomi  of  Friedlander's  pneumo-bacilhis. 
According  to  Mibelli,  the  '*  hyaline  masses"  consist  of  the  "shed" 
capsules  of  the  organ  isiuti. 


ACTINOMYCOSIS. 

Tilts  disease  consists  in  the  formation  of  small  sarcoma-like  tumourt 
or  abscesseij  conUtining  a  peculiar  ray-like  fungus — the  actinomyces. 
This  fundus  is  supjiused  to  be  the  exciting  cause.  The  commonest  seats 
are  the  lung  and  liver,  but  the  fungus  may  be  found  in  any  part.  It 
-Is  more  commonly  met  with  in  animals  than  in  man.  In  cattle  the 
disease  most  often  affects  the  jaws. 

In  1878  Israel  described  a  case  of  multiple  superficial  abscesses, 
with  one  large  intrathoracic  abscess  opening  by  fistula-  on  tlie  surface. 
The  pusj  from  all,  contained  parasites  which  corresponded  to  the  above 
description.  The  disease  had 
begun  six  months  before  with 
fever  and  joint-i«iins.  Three 
[li'eeks  after  admission  the 
woman  died.  A  large  abscess 
was  found  in  the  left  lung,  and 
countless  abscesses  existed  in 
the  liver,  spleen,  intestine  and 
kidneys :  most  of  them  were 
very  small,  but  some  were  as 
large  as  an  apple.  All  con- 
tained the  fungi,  and  in  the 
glomeruli  of  the  kidney  were 
found  organisms  which  had  not 
ret  excited  inflammation. 


A  250 


Fig.  155. — AcltHifmyctii.     From  the  tongue  of 
tbe  ox.    Two  massed  of  club-shaped  radiat- 
APPEARANCES.  —  On  ing  fiUmenis  are  seen. 

section    these  nodules   have   a 
spongy  open  ap{}eanuice,  and  a  puriform  or  cheesy  fluid  can  be  squeezed 
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from  them.  Besides  fatty  cells,  this  oontnins  many  pale  yellow  gfanalc*. 
as  large  as  millet- seeds.  These,  when  gently  squeezed  and  rlcsrcd 
up  by  potash,  are  seen  to  consist  of  filaments  radiating  from  a  commoa 
centre,  and  bearing  at  their  free  ends  club-shaped  sweUings,  often 
branched,  and  frequently  calcified  (Fig.  ].'»5).  Threads  and  spherical 
bodies  are  found  less  frequently.  The  nodules  and  abscesses  also 
contain  granulation-tissue,  intersected  here  and  there  by  bands  of 
fibrous  tissue.  In  the  older  s|)ecimens  there  are  found,  round  each 
fungus,  the  usual  signs  of  a  chronic  inflammation  caused  by  a  slight, 
constant  irritant  (p.  t;7<i). 

Israel  states  that  the  fungus  may  enter  in  three  ways — 

1.  ZVom  the  Month — through  a  carious  tooth  or  extraoUon-wouiML 
By  one  of  these  ohainicl>  it  reaches  the  interior  of  the  jaw  and  gnnr» 
there.  It  next  bursts  through  the  outer  plate,  and  gives  ris«  to  an 
abscess  in  the  glands  or  ctmnective-t issue  of  the  neck.  It  is  probable 
that  infection  may  take  place  through  the  follicles  of  the  tonsil  in 
tonsillitis  or  of  the  phar^-nx  in  phani*ngitis  {preivrlvhrai  afntcrss). 

"2.  Fron  the  Respiratory  Pasaages. — In  one  case,  only  chronic 
brtmchitis  seemed  to  be  present,  but  the  sputum  contained  the 
actinomyces.  I'sually  the  fungus  sets  up  a  caseous  broncho-pneumtwu. 
similar  to  that  met  with  in  phthisis,  but  shut  off  from  the  healthT 
lung  by  a  layer  itf  healthy  granulations  which  are  succeeded  b\'  dense 
fibrous  tissue.  The  cavities  run  togvther.  the  sj-mptonis  lieiiig  *erj 
like  those  of  phthisis,  thtmgh  marked  hvraoptysis  is  unctimmun 
Then,  adhesions  ha\ing  foniied  o^er  the  di^ased  area,  the  funmi* 
spreads  to  the  ix^sterior  mei1ia>tinuni.  thrtmgh  the  diaphragm  inio 
the  peritoneum  ^causing  f^nUiftitu^ .  liver  4»r  spleen  (aAurrw),  or  iDti> 
the  anterior  mediastinum  and  |iericardiiim.  I^astly,  some  of  the^ 
;ilxi*e<^ses  after  much  bum^wing  find  their  way  to  the  surface.  1: 
1%  noteworthy  th.U.  thtnigh  the  actinomyces  aiTect*  the  Iun:r*  frt-c 
aUne  do«n.  like  the  tulH^^vIe  bacillus,  it  lea\es  the  a|iex — abo\e  thr 
cl.i\icle — unin\ol\eiL 

;;.  From  the  Xatestiae.— The  intestine  may  be  affected  primarilT 
t'rv*m  within,  or.  ^c^uulir.ly.  by  rnilx'!:?i::  t»r  by  extension  from  other 
i»rg;ins.  The  prl«».Ar^-  :on;i  may  Ivsd  r.iervly  to  catarrh^-or  to  the 
de\eloj>nient  **:  tVvi  in  the  >ubmucv>i:'*  tissue  or  nmciv<a.  which  brt-ak 
iU»»n  into  uicers  »tth  undenr.-.r.cii  tvii:«"s  reaching  down  to  the 
i:u:^-ul;tri^.  IVrt'oritio!'.  ir.to  the  j^-r.tor.tur.:.  into  other  hoUow  \-z>ccn 
or  thn.»u::h  the  .iKU»!':ir. i*  w.il'  n:.i\  rt-»u'.:. 

\\i  A  ^H.>il  nuinv  cji<i"^  the  cliAimcl  o:' mteetion  rv mains  doubUul 
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Actinomycotic  embolism  may  lead  to  absw^sses  arrompanlpil  by 
symptoms  of  pyivmia :  secondary  ^owths  may  occur  iiiiy where. 
Ponfick  has  seen  a  granulation-mass  growing  into  the  jugular  vein,  in 
A  case  in  which  there  were  growths  iu  the  right  auricle  and  ventricle. 

For  some  time  all  attempts  to  cultivate  tlie  organism  failed.  This 
failure  has  been  attributed  to  the  fact  that  only  the  i-luh  forms  were 
used,  and  that  these  are  incapable  of  cultivation.  If  the  threads  be 
taken,  amber-like  beads  appear  on  the  culture-ground.  The  colonies 
thus  obtained  consist  c*f  tftrtmls  and  spheres,  but  ho  clnhx.  Inoculation 
of  the  cultures  gives  rise  to  the  characteristic  lesions,  including  the 
presence  of  both  the  cluh  and  thread  forms  of  the  panisite.  The  exact 
botjuiicul  iKJsition  (»f  the  fungus  has  nut  yet  L>ecn  determined. 

SOURCES  OF  INFECTION.— Israel  thinks  tliat  in  some 
of  his  cases  he  h.i.s  been  able  to  eliminate  the  |)ossibi)ity  of  infection 
through  diseased  beef  or  pork,  and  that  the  germ  must  have  entered 
with  water  or  vegetables.  Water  is  imlikeltj  as  a  nidus,  for  it  soon 
destroys  the  adult  fungus ;  but  Jensen  has  traced  au  epidemic  of 
Hctinumycosis  in  Iceland  to  eating  rye  grown  on  soil  recently  reclaimed 
from  the  sea.* 


CHAPTER   XXIII. 
SEPnCJCMIA  AND  PYEMIA. 

known  as  Septica?mia  and  I^yiwnia  result  from  the 
absorption  and  dissemination  of  substances  usually  derived  fn>m  the 
septic  discliarge  of  some  wound  or  acute  inHammation.  The  two 
diseases  are  frequently  associated. 

By  "Septicirmia  "  is  now  generally  understood  those  fonns  of  septic 
disease  which  are  unaccompanied  by  the  development  of  secondary 
inHammations.  "  Pyiemia/'  on  the  other  hand,  ia  a  term  used  to 
denote  those  cases  of  septic  disease  which  are  characterised  by  the 
presence  of  secondary  or  metastatic  abscesses.  These  two  maladies  are 
the  chief  elements  in  the  excessive  morbdity  in  large  surgical  hospit^ds, 
and   nothing  is  more  clearly  established  than  that  overcrowding  of 
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pAticnU  with  septic  wounds  iSj  in<lirectlyf  their  chief  cause.  B^r  this 
process  the  disease  may  speedily  be  generated  nnywhcrc.  In  ahne^ 
every  ca»e  of  each  disease,  there  exists  a  wound  which  has  beea 
infected  by  some  gcnn-be&hng  air,  finger,  instrument  or  drvaab^  «( 
which  may  have  been  inoculated  directly  from  a  similar 
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minims  of  blood,  or  meat-infusion,  in  an  early  stage  of  putrefaction, 
under  the  skin  of  house-mice.  In  each  cnse  the  axiimal  at  once  grrm 
restless  ajid  ceased  fating;,  its  movenieiibi  became  weak  and  uncertain, 
its  respiration  irregular  and  slow,  and  death  occurred  in  four  to  ei^t 
hours,  or  even  earlier — the  time  of  its  occurrence  varying  witb  the 
amount  of  putrefactive  material  injected.  No  pathological  change  was 
found  in  tlie  body,  and  no  efTect  was  pnxiuced  by  in(H*ulating  healthy 
animals  with  the  blood.  Thus  the  disease  was  not  inj'cviive.  It  «a« 
clearly  due  to  the  absorption  into  the  blood  of  putHd  maicTiat 
unaccompanied  by  any  secondary  inflammation  :  it  was  thercfofv  a 
septiavmia.     Kurthennore,  it  seems  to  have  been  due  to  the 

a  chemical  fwison  in  the  blood,  for  the  result  is  cnmiuirabtc  to  the 
ijection  of  a  |X>isonous  alkaloicL  Such  a  substance  would  cxerciac  it»| 
specific  action  upon  the  organism,  and  would  not  muUijti^  in  the  body  ;] 
so  that  the  etfect  would  naturally  \tiry  witli  tlie  amount  injected  ;  whfle,^ 
even  in  a  rapidly  fatal  cose,  a  few  dro|]6  of  the  blood  would  cuntaia 
small  a  fraction  of  the  original  dose,  that,  if  injected  intoa  hcalthj 
thty  would  have  no  tfft-ct.  This  form  of  septicaemia  is  called 
Intoxication  or  Saprsemia.  From  an  extensive  series  of  experitncalb 
Burdon  Sanderson  gives  the  following  as  its  symptoms: — rrstlcflmes 
and  muscular  twitching,  followed  by  weakness  incrcaAing  till  the 
falls ;  vomiting  and  profuse  diarrheal,  the  fieces  bring  at  fir^t  looac 
whitish-gn-y,  but  Liter  bliKxIy ;  a  temperature  at  first  raisrtl  a 
degrees,  but  often  sulv-nonnal  before  deatii ;  gradually  fadiiif 
respiration  and  cardiac  action ;  and  death  somctimet  preccdeal  bf 
cramps.  The  corresponding  ]>ost-mortem  ap^iearances  arc : — blood 
dark  and  feebly  clotted  ;  petechia'  beneath  pericardium,  endocardsmL 
and  pleura  ;  intense  staining  of  the  endocardium  and  linin|^  mcmbfancs 
uf  the  great  vessels,  and  oAen  u  little  bhxKl-tinged  srnnn  in  tW 
seruus  cavities,  both  occurring  so  soon  after  death,  as  to  1*^1  HlH 
destruction  of  the  red  corpuscles  even  <luring  life;  inteme 
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and  ecchyiiiosis  of  the  mucous  nieinbrane  of  the  stomach  and  mtcstines 
with  shedding  of  the  epithelium  ;  spleen  swollen,  soft,  and  pulpy;  liver 
often  swollen  and  congested. 

When  less  poison  was  introduced,  the  resulting  symptoms  were 
[less  marked,  and  when  only  one  or  two  drops  of  ]]utrid  blnod 
were  ittoculaU'd,  no  change  was  inmiediately  apfMrent.  Indeed,  after 
the  introduetiun  of  sach  small  quantities  of  bloody  the  mice  often 
Iremained  permanently  well.  But  after  an  interval  of  some  twenty- 
four  hours,  alwHit  a  third  of  them  sickened,  the  symptoms  being 
characteristic  and  constiint,  and  nut  preceded  by  the  above  toxic 
effects.  The  eyes  became  dull,  the  conjunctival  secretion  increased 
until  the  lids  seemed  glued  together ;  the  animal  moved  little  and 
languidly,  and  generally  sat  still  in  some  peculiar  attitude  ;  it  ceased 
to  eat,  its  respirations  became  slower,  its  weakness  steadily  in- 
creased, and  dt;ath  eame  on  almost  imperceptibly  forty  to  sixty 
hours  after  inoculation.  Post-mortem  there  were  found: — slight 
(fdema,  which  is  often  absent,  at  the  site  of  the  injection  or  inocula- 
tion, and  considerable  swelling  of  the  spleen :  other  organs  appeared 
normal. 

To  cause  death  with  these  symptoms  in  about  fifty  hours,  it  is  only 
necessary  to  touch  with  a  knife  the  subcutaneous  tissue  of  a  mouse, 
dead  of  the  disease,  at  any  |x)inl  however  remote  from  the  seat  of 
inuculation ;  and  then,  with  this  knife,  to  scratch  the  ear  of  a  healthy 
animal. 

Here,  again,  we  have  a  disease  which  nmst,  according  to  our  de- 
finition, be  called  SeptiiuniM.  But  it  differs  fron)  that  form  first 
described,  ixi  l>eing  intensely  wjedityc.  Only  a  minute  quantity  of 
poison  is  introduced^quitc  insuftieient  to  priKluce  toxic  effects — but 
it  multiplies  enormously  in  the  blood.  So»ne  twenty-four  hours  of 
inculiation  jwiss  witljout  symptoms,  imtil  its  develojiment  reaches  a 
(Certain  stage.  Then  symptoms  appear,  and  with  the  further  increase 
of  the  virus,  the  symptoms  also  increase  proportionately.  This  form  is 
known  as  Septic  Infection, 

The*  blood  of  aniiiiuls  which  died  after  the  inJFciimi  of  1  to  10  Hi^  of 
putriii  hlotnl,  generally  contained  varying  numbers  of  cocci,  bacteria 
and  l>acilli  ;  but  the  blood  of  those  that  died  after  the  huH^uhtiun  last 
de9cril>ed  contained  only  small  bacilli.  These  were  present  in  large 
numbers,  most  white  corpuscles  containing  one  or  more  of  them. 
Koch  thinks  they  grow  into  the  vessels  about  the  seat  of  inoculation, 
and  thus  become  generalised ;  he  has  never  seen  them  in  lymphatics. 
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They  occur  in  all   jKirLs,  auil  are  not  mon*  numerous  in  thr  *»"nr*i 
spleen  tliAii  elhcwhtTL*. 

Liuier  the  !u-/ulini;  Srplit'jriniji.  \s»-  hi»\c  tlicrcforr  two  ili^<  j*^.- 
(I)  septic  intoxication,  or  S&praemia^  n  non-infective  (Uvrxw-, 
clue  to  the  absorption  of  a  chemical  poiMin  manufactured  In  ttome 
putrefactive  proce&s  external  to  the  body,  and  often  ending  UtiUjr 
before  any  organisms  introduced  have  time  to  develop  Ut  an  extent 
suificient  tu  produce  symptoms  ;  and  (2)  septic  Infectloa,  due  to 
the  entr}'  of  specific  fungi  into  the  bUxKl  and  to  their  multi|ilicati««i 
tJiere.  The  or;^anfNni8  act  by  producing  {loisonoun  ftulMtancc*  in  tbrlr 
growtli,  but  these  pro<liicts  are  not  "  irritants."  and  iherrfofr  00 
secondary  inHammations  arise.  The  fungi  which  chAmctertte  thr 
•epticf^mia  of  one  animal  diHer  from  tliofic  wliich  occur  in  tluU 
another — r,g.,  bacilli  in  mice,  oval  cocci  in  rabbitat.  Evrry  pa 
fluid  does  not  necessarily  contain  the  organisms  of  each  of 
«lLseAses.  The  production  of  srptic  infection  friMn  putrid  fluids  i» 
therefore  uncertain.  Many  different  organisms  are  probably  '^p^Hr 
of  producing  septicannia. 
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OBSERVATIONS   ON   MAN.— In   Man   the   oeeancocr 

analogous  forms  is^  d  priori^  likely,  and  cases  might  be  quoted  in  w 
the  existence  of  sept tr  inUixirntion  or  Mqtiic  iufWtimt  wa»  very  probable 
but  the  subject  has  not  Ixen  at  all  fully  wurkcd  out.     (.'hnicaUy, 
usually  impossible  to  diagnost-  between  them ;  and  the  pcwt-nofftai 
signs  are  ver^*  similar.     The  aymptoma  of  scpticu'mia  bi  Man 
begin  with  a  rigor,  which  may  be  repeated,  especially  in  tJie  inirctiv 
»nn ;    this   is   accompanied    by    rise    of    tem|ierature,    and    all 

iiptoms  of  fever,  with  delirium  passing  on  to  %tupor  or  even 
These  are  followed  by  great   loss  of  strengUi  and  rapid  e 
a   dry    tongue,  and  a   rapid,    feeble  pulse   complete  the 
characteristic   of  the    "typhoid    state."      \'onu'ting   ts    im|i>eat  aa4 
much   commoner  than  diarrhu^a  ;  but    eases  do   occur  in   whicb 
symptoms   and    pathnlogical    clmnges    of    gastro-ententis    lire 
marked.     A  jaundiced  tint  of  skin  iii  not  unconnnon,  and  pet 
spots  maycxvur.      Albuminuria  xs  frequent.    In  the  mj'rciirr  fortn  dcadi 
occun  quietly  in  a  semi -coma  toi>^  state.      In  the  nmi-infrctivt  ffmn,  tWj 
ending  is  more  rapid.     The  patient  liccomes  collapsed  and  dies 
dyvpncra,  and  all  the  symptoms  of  rapid  cardiac  failure. 

The  red  rorpuscles,  in  blood  withdrawn  during  life,  run  into 
insteail  of  rouleaux ;  and  il  titer  states,  as  the  result  of  obaennatioas 
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the  pnl{H'bra  tcrtiu  of  infected  animals  tind  uii  the  li|i  uf  iiiaii,  that  in 
septicaMuia  there  is  widespread  capillary  stasis.  In  severe  cases,  the 
blood  in  half  the  capillaries  of  a  district  may  be  stationary.  Frequently, 
too,  small  clumps  of  red  corpuscles  jjaas  across  the  field  or  stick  in 
some  vessel. 

Poat-mortem. — The  rigor  mortis  is  feeble,  and  decomjjosition  sets 
in  early.  'Hie  blood  may  be  dark  and  Huid,  but  is  more  i>fteii  clotted 
in  the  usual  manner ;  soon  after  death,  there  is  deep  staining  of  the 
endocardium  and  lining  membrane  of  the  great  vessels,  and  any 
serous  fluid  in  the  pleural  or  pericardial  cavities  will  be  blood-tinged — 
this  is  owing  to  rapid  disintegration  of  red  corpuscles,  which  begins 
before  life  ceases.  Petechia.*  occur  beneath  the  serous  membranes, 
and  are  commonest  on  the  back  of  the  heart  and  under  the  pleune. 
Hypostatic  congestion  of  the  lungs,  congestion  of  the  abdominal 
viscera,  swelling  and  pulpiness  of  the  spleen,  and  congestion,  or, 
much  more  rarely,  inflammation  of  the  mucous  membrane  uf  the 
abmentary  aurnl  complete  the  list  of  changes. 

Organisms,  especially  cocci,  have  been  found  in  various  places  in 
about  half  the  cases  of  septictemia.  Even  in  these  cases^  no  cha- 
racteristic form  has  been  shown  to  be  present. 

Marcus  Beck  calculated  from  the  result  of  experiments  on  dogs, 
that  1  to  'i  oz,  of  putrid  serum  or  pus  would  be  required  to  kill  an 
adult  man  by  septic  intoxicatioii.  This  form  can,  therefore,  occur 
oidy  where  ftirgr  rarifits  exist  and  arc  imper/ccth/  druinrd — f.g.t  in  bad 
compound  fractures,  in  wounds  of  joints  or  pleurtc,  in  abdominal 
sections,  or  in  the  uterus  after  labour.  Sometimes  such  cavities  cannot 
be.  efficiently  dniined  :  hence  the  necessity  for  preventing  putrefaction 
of  their  contents,  llaw  surfaces  and  serous  membranes  are  well 
known  to  be  excellent  absorbent  surfaces.  A  large  quantity  of  |X)i.son 
may  be  taken  up  by  them  in  a  short  time,  (iranulating  surfaces  on 
the  other  hand,  as  deniunstratcd  by  Billroth,  do  not  absorb  the  putrid 
]>oison.  Hence  septic  intoxication  will  be  most  likely  to  occur 
ftrjhri'  grauuUttkm  hi'giiiji.  It  n)ay  occur  later  if  the  granulation-tissue 
is  destroyed  in  any  way.  No  line  can  l>e  drawn  l>etween  it  and  septic 
traumatic  fever  (p.  260). 

Septic  Infection  may  occur  from  the  smallest  wound,  and  there 
may  be  distinct  evidence  tliat  some  |X)ison  has  been  inoculated.  The 
presence  of  only  a  ^miali  n>ound  is  evidence  of  septic  infection  as 
tipposed  to  septic  intoxication. 

With   regard    to   the   cause   of  septic    intoxication — many   of  the 
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products  of  putrefaction  are  capable  of  producing  fever.  Bcr^gmm 
succeeded  in  obtainiuji;  from  putrid  fluids  an  nlkaloidal  body  whick  lie 
called  xcpxin.  This  body  crystallises  In  fine  needles^  and  potmtaMtA  la 
a  high  degree  the  property  of  exciting  fever, 

PYEMIA. 

Pyaemia  differs  from  septicunuia  in  this  respect,  that  In  It  thf 
absorption  and  dissemination  of  the  {Kiison  give  riM:  nut  only  to  a 
general  disease,  but  also  cause  the  formation  of  secondary  fcid  of 
inflammation  —  so-called  metastatic  absceaaea.  Tlirsr  arv  titr 
distinctive  pathological  characteristics  of  the  disease.  Its  Hmical 
symptoms  are  well  marked,  the  ver^'  irregular  teiu|»erature  being  OMvt 
important ;  but  it  is  confessedly  complicated  with  more  or  less  septic 
jmisoning. 

Like  septic  infection,  the  disejLse  is  essentially  a  hospttaJ-dbrair, 
and  their  poisons  are  probably  similar ;  some  indrcd  believe  thcia  to 
be  tlie  same.  The  source  of  infection  is  almost  always  some  iiifltiiiiiia 
tion  or  suppurating  wound,  with  septic  discharge.  Uut  there  may  be 
no  wound,  as  is  seen  in  acute  infective  periostitis,  infective  rfid»> 
carditis,  and  those  rare  cases  of  "spontaneous"  pytmiia  in  whirii  an 
primary  lesion  can  be  found.  In  these  cases  tlie  ]x>ison  has  pfobafaly 
entered  through  some  henlthy  mucous  membrane.  As  in  acptlcWBlftSr 
it  gains  access  to,  and  is  distributed  by,  the  blood. 

Besides  the  secondary  abscesses,  the  following  signs  may  be  fomid 
poat-mortenL  As  in  all  septic  disease,  rigor  mortis  is  feeble  aad 
decnmpfisition  early.  Kmacintion  is  generally  markrd.  and  tlic  Oda 
yellow  or  jaundiced.  Petechia*  may  be  present.  'Hu'  woun<l,  if  there 
be  one,  is  sloughy,  perhaps  surrounded  by  diffuse  Inflammatino,  a»d 
offensive.  Any  bone  which  has  l>een  divided  shows  tbe  appcaraairrt 
of  septic  osteomyelitis.  The  thrombi  in  the  veins  IradiDK  fiom  tbe 
focus  of  infection  are  extensive,  and  are  undergoing  infrctivc  parilnna 
softening  (p.  t233)  ;  the  ends  of  one  or  more  tlirombi  |Mrrluipa  pcojert 
into  a  large  vein  in  which  the  circulatiim  was  not  arrested.  The  bUiod 
ia  generally  normal  to  the  naked  eye,  but  microscopically  it  rontaim 
an  excess  of  leucocytes.  Hypostatic  congestion  of  the  lunj^ft  it 
generally  present,  the  spleen  is  large  and  pulpy,  and  Uie  Ih'er  and 
kidneys  shnw  "  gniiiLiIrtr  drjrtfnerntinn." 

The  secondary  abscessea  are  of  tmt  kimis .-  (l)  thoae  which  IbUow 
upon  infarction,  and  (2)  tliose  in  which  there  Is  no  evidence  of 
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antecedent  chanpe.  In  either  case,  the  occurrence  of  suppuration 
implies  the  presence  of  a  strong  irritant  acting  for  some  time,  and  it 
has  already  been  pointed  out  (p.  292)  that  most  irritants  of  this  kind 
are  fungi.  It  is  probable  that  several  fungi  arc  capable  of  exciting 
suppuration,  and  any  one  of  Ihem  might,  if  generalised  by  the  blood- 
stream, produce  the  abscesses  of  pyiemia.  It  seems  possible,  there- 
fore, that  the  organism  which  produces  acute  necrosis  is  not  always  the 
same  as  that  which  gives  rise  to  ordinary  pyjcmia  from  wounds.  'Ilie 
xtrcptiicocctui  pyogenes  (p.  3!}(\^  is  the  organism  most  often  present. 

However  this  may  be,  in  the  ^fi'rst  kind  of  abscess,  infarction  is 
induced  by  the  lodgment  in  a  tenninal  artery  of  a  portion  of  an 
infective  clot.  The  mode  of  fonnation  and  characters  of  the  infarct 
and  abscess  have  been  described  on  pp.  241  and  2«0.  A  probable 
source  of  embolism  has  been  noted  above  in  the  account  of  the  veins 
leading  from  the  focus  of  infection.  These  embolic  abscesses  are 
most  frequent  in  the  Ittngx,  but  may  be  found  in  the  liver,  spleen, 
kidneys,  and  brain.  They  may  occur  in  any  vascular  part.  They  lie 
generally  upon  the  surface  of  organs,  with  their  bases  immediately 
beneath  the  capsule.  They  vary  in  size  between  that  of  a  chestnut 
and  that  of  a  split  pea,  are  usually  multiple,  and  may  be  very 
numerous.  They  are  surrounded  by  the  usual  hypertPmic  ring.  Often 
more  than  one  organ  is  affected,  and  these  abscesses  may  occur  with 
others  of  the  next  kind.  Sometimes  the  lungs  escape  while  other  organs, 
lying  beyond  them  on  the  blood-path,  are  affected. 

The  second  kind  of  abscess  is  a  diffuse  suppuration  occurring  in  the 
subcutaneous  and  intermuscular  connective-tissue,  in  the  joints  and  in 
the  serous  membranes.  In  these  cases  the  irritant  must  be  conveyed 
to  the  sjK»t  by  the  blood  and  lodge  there,  either  because  the  nidus  is 
suitable,  or  because  some  capillary  embolism  has  occurred.  This  form 
of  suppuration  may  occur  alone  or  be  combined  ^vith  the  first  variety. 

Pytemia  has  never  been  produced  in  animals  by  the  injection  of 
blood  or  pus  from  pytemic  |)atients.  Cocci  and  zooglcca-masses  arc 
found  in  abundance  on  the  surface  of  the  focus  of  infection,  the 
intensity  of  the  process  often  varying  with  their  number.  They  have 
been  traced  into  the  surrounding  tissues,  and  have  been  seen  piercing 
the  wall  of  a  vein.  They  have  l»een  found  in  the  nearest  lymph-glanda, 
in  all  metast^itic  abscesses,  and  'u\  many  organs.  They  lie  primarily 
in  capillaries  or  small  arteries,  but  soim  pass  out  into  the  surrounding 
tissues. 

Koch  injected  10  IT\.  of  putrid  fluids  in  which  a  portion  of  skin  bad 
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been  macenited,  into  a  rabbit  No  symptoms  followed  for  twn  dap  ; 
then  the  animal  ate  le«s,  became  weakrr>  anil  <U«1  105  boon  aftrr 
the  injection.  A  purulent  infiltrntion  of  t]i«'  alMlomtnaJ  wall  aniOMl 
the  point  of  injection^  was  found ;  the  inHammatiou  hail  cxtcodcd  Ui 
the  peritoneum,  and  there  was  general  fibrinous  peritonitK.  The 
s-pteen  was  nmch  enlarged,  the  liver  had  a  greyish  mottled  appearmnce,  , 
nnd  grey  wedge>.sha|>ed  patches  appeared  on  section.  In  the  liingt  J 
were  some  dark-red  airless  ftatches  about  as  large  as  a  pe«.  A  iilaMiiil 
inoculated  with  the  blood  died  of  precisely  the  same  dtscaae.  the' 
smaller  the  dose,  the  longer  the  time  t>eforc  death.  This  is  rxpUrafate 
only  on  the  $up|K>sition  thai  the  infective  particles  In  the  blood 
must  reach  a  certain  immlier  in  proportion  to  the  lMidy*wrif(bt 
before  they  can  cause  death.  Micrococci  were  found  cvciy- 
where,  especially  in  obviously  altered  ]>art«.  Tliey  adht*T«d  lo  the 
interior  of  vessels,  often  plugging  them.  Ued  coqnisclrs  adhrTrd  to 
the  coccus  colonie.s,  which  seemed  able  to  induce  eoagulatiofi  ;  wmall 
thrombi  were  thu&  formed^  wliich  could  be  swept  away  tu  Uirm 
infective  emboli.  Perhaps  something  of  this  kind  may  account  for  the 
second  kind  of  abscess,  bat  against  this  is  the  fact  that  pyogenic  eood 
are  sometimes  found  in  human  blood,  causing  no  «fuch  agyrcgmtfon>  and 
no  abscesses  (p.  324).  In  such  cases,  however,  the  cocci  arc  introduced 
without  any  {wbulum  on  which  they  can  thrive,  llie  memblnace  oC 
the  ^%llolc  dinease  to  pya-mia  is  very  marked.  It  is  not  certnfa^  bov* 
ever,  tlsat  pytrmia  in  man  is  almt*fs  infective.  In  other  wordik, 
secondary  abscesses  maif  l>e  due  tn  emboli  derived  from  putrid  Hot* 
contiiining  only  non-pathogenic  urgani^^ms,  inca|>ablc  of  growing  ^wwmg 
ive  tissues  or  in  the  blood. 
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M\i.\Hi\   is  the  name  which   for  many  years  hws  t>cen  ' 
denote  the  virus  of  a  fre<juently  fatal  disea.se,  occurring  |):        _^     ij 
tnipical    climates,    and    characterised    by   periodic  attacks    of 
When  these  attacks  recur  tlailtf^  tlic  disease  is  known  a»  qmiii^am  ague,] 
when   on   niUrmair  dayft.  as  irrtMtt  ague  ;   when  every  lAM  day, 
tftrntitm  ague.     The  ]>erio<lieity  is  not  always  so  regular  or  lo  »impk. 
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nor  the  intcri'iils  sn  short,  as  in  tliesc  examples.  When  the  indivitlual 
febrile  recurrences  run  into  each  other  so  that  tiiere  are  no  apyretic 
Intervals^  but  only  slight  remisbions^  the  term  "remittent  fever"  is 
a))plied  to  the  attack.  Pathologically,  the  disease  is  associated  with 
great  enlargement  of  the  spleen,  and  marked  pigmentation  of  many 
parts — e.g,,  spleen,  liver,  and  brain.  It  is  the  type  of  an  endemic 
disease  :  it  is  strictly  limited  to  particular  localities  ;  that  is  to  say,  it 
can  be  acquired  in  these  localities  only,  although  its  clinical  manifesta- 
tions may  develop  elsewhere.  It  is  never  communicated  directly  from 
person  to  person  except  by  the  direct  intravenous  inoculation  of  blood 
taken  from  an  individual  in  whose  blood  the  germ  is  present. 

Ijiveran  first  pointed  out  that  if  a  careful  examination  be  made  of  a 
drop  of  bIo(»d,  taken  frf>ra  a  malarial  pjitient  during,  slmrtly  before,  or, 
in  certain  types  of  the  disease,  some  time  after,  one  of  these  febrile 
attacks,  certjiin  characteristic  appearances  will  Iw  found.  No  staining 
is  necessary  or  indeed  advisable ;  but  it  is  essential  that  very  thin  layers 
of  blood  be  ohtauied,  so  that  the  corpuscles  may  be  in  a  single  layer, 
lying  Hat,  and  not  forming  rouleaux.  An  oil-immersion  lens  should  be 
used.  It  may  he  necessary  to  spend  an  hour  in  the  search  before  the 
organism  is  disc<ivered  ;  but  usually  it  can  l>e  seen  in  every  second 
«»r  third  field  (»f  the  micro8co}>€ :  and  sometimes  even  five  or  six 
parasites  are  present  in  each  field.  In  this  way  the  observer  w*ll  be 
able  to  demonstrate  the  presence,  especially  in  tJie  red  corpuscles,  of 
one  or  more  of  the  following  l>odies : — (I)  circular  or  ring-shaped 
ama'boid  discs,  pale  and  ap[>arently  structureless,  lying  on  or  in  the 
red  corpuscles,  and  not  unlike  vacuoles  (Fig.  156,  it, .'() ;  (2)  pigmented 
am(jelK>id  bodies  occupying  from  a  sixth  to  almost  the  whole  of  the 
affected  corpuscle,  which  usually  conUins  only  one  such  iKnly  (4-,  5) ; 
(.*i)  well  defined  rosette-shaped  or  clustered  bodies,  the  segments 
summnding  or  radiating  from  a  clump  of  pigment,  in  or  about  the 
centre  of  the  figure  ((i) — these  may  be  free  in  the  plasma  or  may  he 
encircled  by  the  remnant  of  a  red  corpuscle  ;  (i)  pigmented  cresccntic 
liodies  (()  a);  (5)  flagellated  organisms  and  free  Hagella  (5  (i,e,f; 
Ci  e,l';  (()*)  leucocytes  containing  black  pigment ;  (7)  all,  any,  or  fnigments 
oi  the  above  which  have  escaped  or  have  been  expressed  from  the 
corpuscles. 

The  appearances  will  be  better  understood  by  reference  to  the 
accompanying  drawings.  The  horizontal  series  is  arranged  according 
to  the  views  first  formulated  by  Golgi,  and  now  held  by  Manson  and 
others,  concerning  Uieir  life-history  in  tlie  blood;  though  it  mu&t  be 
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remembered  that  as  development  does  not  progress  when  the  bodtes 
are  removed  from  the  circulation^  the  complete  cycle  cannot  be  actually 
observed.     The  two  parallel  vertical  series  represent  observed  Vbaii|Ee% 
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Fig.  156. — Parasites  from  the  Blood  of  Patients  sufjkring  from  Afaiaria, 
An  explanation  of  the  above  figures,  which  have  been  talcea  from 
various  sources,  is  embodied  in  the  text. 

believed  to  be  possible  developments  of  the  pigmented  anMrboid 
bodies  (5).  As  these  only  occur  after  the  parasite  has  been  remofgd 
from  the  circulation,  they  are  considered  by  Manson  to  form  • 
provision  for  carrying  on  the  life  of  the  malarial    organism 
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the  htimnn  body,  nnd  during  \ta  paswige  from  one  human  being  to 
another. 

1  represents  the  most  minute  forms  which  ure  found  free  in  the 
plasma ;  2  and  3  are  believed  to  show  that  these  minute  bodies 
become  attached  to,  and  |R'netrate,  the  eor|)usc]es ;  4  and  5  show 
the  growth  of  the  intra-corpuscular  discs  *nd  the  development  and 
distribution  of  the  pigment.  During  these  stages,  amtrboid  movements 
may  be  easily  observed  in  the  parasite,  as  well  as  distinct,  e.xtensive  and 
sometimes  rapid  motion  among  the  pigment  particles,  manifestly  not  of 
the  nature  of  "  Brownian  "  movement  The  pigment  is  believed  to  be 
an  excrementitious  product — the  unused  remains  of  the  lurmoglobin 
digested  by  tlie  jMirasite.  Tl»e  next  figure  ((i)  represents  the  organism 
AS  a  perfectly  circular  disc,  almost  completely  filling  the  corpuscle. 
The  pigment  is  now  aggregated  in  the  centre,  and  faint  indications  of 
commencing  segmentation  art^  discernible.  A  little  later  this  circular 
disc  divides  into  distinct  segments,  and  these  fonn  an  ahnost  i>erfect 
rosette  (7).  The  remains  of  the  corpuscle  in  the  menntimc  fall 
away,  while  the  segments  separate  and  are  thrown  into  the  general 
cireulntion.  They  are  then  supposed  to  fonn  the  minute  circular  l>odii's 
fie»t  mentioned,  anil,  if  they  escape  the  phagocytes,  to  seek  inclusion  in 
red  cttrpiiscles  as  before  described. 

In  the  first  of  the  two  vertical  columns,  are  represented  different 
that  have  been  observed,  showing  that,  under  some  circum- 
s,  certain  of  the  jMirasites  have  the  jxiwer  of  leaving  the 
corpuscle,  and  of  developing  into  a  flagellated  organism.  Hie  Hagella 
appear  quite  suddenly,  as  if  they  had  developed  beneath  a  capsule 
which,  giving  way,  allows  them  to  spring  out  and  obtain  room  to  act 
These  flagella  lash  the  surrounding  fiuid,  and  cause  much  commotion  ■ 
they  then  become  detjiched,  swim  about  for  a  time,  and  slowly  dis- 
appear. They  exhibit  two  kinds  of  movement^  the  one  slower  and 
undulating,  the  other  ipiicker  and  quivering     as  of  a  stiffened  rod. 

In  the  parallel  coiuu\n,  another  sequence  of  changes  from  the  same 
body  (5)  is  shown.  The  crescentic  bodies,  according  to  Manson's  view 
seem  to  be  a  result  of  the  circular,  centrally  pigmented  discs  becoming 
curved  on  the  flat,  tlicir  form  depending  on  mechanical  necessities 
accruing  frcnn  continued  enlargement  of  the  i»arasite  in  an  unyielding 
red  corpuftclc— hence  the  position  of  the  pigment  The  crescents  first 
become  straight  and  cylindrical,  then  oviJ,  and  finally  s]>herical.  The 
pigment  then  l>ecomes  diffused,  all  trace  of  the  enclosing  corpuscle  dis- 
appears, and  a  flagellated  organism  is  formed  us  in  the  previmiA  east*. 
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The  crescents  t\m\  their  progeny  nrc  the  roost  persistent  oC  all, 
resist  the  attack  Itoth  of  pha^>cytes  Hiid  of  quinine.  Flaf^ellated 
isms  are  never  fouDtl  until  the  hlood  has  been  withdrawn  for  aboat  ■ 
quarter  of  an  hour.  They  Are  tliercfore  supposed  not  to  cxict  ai  neb 
in  tlie  Ivxly  at  all,  hut  to  form  stages  in  the  life-history  of  the  panMltn 
outside  the  IhhIv.  In  what  forms,  and  in  what  places.  thU  -Tlrtrmx  b 
passed  is  unknown.  Munsun  drawn  a  |»arallel  between  tfar  ootiiUtiaai 
and  requireiuents  of  the  malarial  {laraAite  in  the  circulating  Uood,  and 
those  of  the  filarin  sang'uinis  lioniinis,  and  arf^ues  tJiat  ax  the  paiMdlr 
does  not  rsca|)e  witli  any  of  the  si-cretions.  it  can  only  t>c  removed  hjf 
some  suctorial  insect,  such  as  the  ntotsqiiito,  ju«t  an  in  the  cauv  of  tKr 
(ilarta. 

There  can  be  no  rcatonable  doul}t  that  the  liodies  described  sic 
phases  in  the  life-history  of  a  protor^'d  |Hinuiite ;  henev  it  i«  knows  m 
the  "  hienmtozoon  uialariH',"  sometimes  ns  the  '^  plnsmmliuiu  malariR.* 
Until  the  Iife-hist4»ry  outside  the  bcMly  lius  been  traciHl,  and  uialarkal 
disease  induced  l>y  the  inoculation  of  it  in  ihi*  phA.^e,  the  proof  that  tf 
is  the  cause  of  malarial  dist-aso  must  be  eonsidrreil  imperfrot  ;  n)lhn«|>h 
tlic  presumption  is  stron;;ly  in  its  favour.     Thus  it  is  in'  ftmtd 

during;  the  |Miroxysm  ;  it  is  nevei  found  in  jwrscms  nut  ^...U  ....^  fttm 
malaria;  and  bUK>d  cuntAiniiig  it  can  alone  transmit  the  riiirasc. 

The  administration  of  quinine  is  followed  tiy  Uie  diAappearaner  U 
the  intra-rorpusrular  iwrasites  :  the  creseentic  iKxUes  arc  the-  Ust  W 
go.  Leucocytes  have  l>ecn  seen  to  approach  and  touch  the  mtn- 
corpuscular  forms,  though  they  never  ctuh**r^  any  but  the  rstr»- 
curjiuscular. 

The  etunmeneement  of  the  fever-jmroxysm  coincides  with  the 
breaking  up  of  the  rosette-lx>dy.  In  different  forms  of  malarial  firvct. 
the  duration  of  the  Life  of  each  generntioD  of  parasites  rnrn  ■uarii 
with  the  eyele  of  the  fever;  thus  it  is  forty-eight  hour^  in  tertka, 
sevcnty-twu  hours  in  ijnartan,  and  in  quotidian  there  is  a  double  lftlr»- 
tion  of  two  or  more  generations  of  parasites. 

Ttie  severer  types  oi  mnlarin,  found  in  wann  countiiev^  arc 
assiKiated  witli  the  fonnation  of  the  creseentic  Inxlies,  while  Che 
stage  of  the  parasite  assumes  a  ring-^thajH- ;  in  tlie<ie,  the  m«et1 
is  rarely  found  in  finger-bloo<l,  but  may  be  present  in   that  wii 
from  tlie  cnpilUries  of  the  spleen,  brain,  and  otiier  orgmns  during  I 
sAer  death. 

The  malaria  of  more  teni]H'mte  latitudes  is  never 
the  formation  of  crescents,  the  flagellated  Ixidy  being  forrard 
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from  iiitm-coq^uscular  discs  which  escape  from  the  red  corpuscles.  In 
the  severer  und  more  mahgiiant  types  of  mal»rial  fever,  many  of  the 
affected  corpuscles  appear  to  necrose,  shrivel,  and  deepen  in  colour : 
these  constitute  the  "brassy  bodies"  of  the  Italian  writers.  In  such 
fevers  small  ring-shaped  jiarasites,  crescents,  tliese  ''brassy  bodies," 
and  pif^iented  leucocytes,  may  be  the  only  bodies  found  in  finger- 
blood,  the  large  cjuantity  of  pigment  in  the  leucocytes  indicating  the 
extensive  fonuation  of  rosctte-budics  in  the  viscera.* 


CHAITER  XXV. 
INFLAMMATION  OP  THE  CONNECTIVE-TISSUES. 

TiiK.  ptticcxx  lA'  inHanuiiation  is  much  the  same,  wherever  it  may  occur. 
Every  tissue  in  tlie  twdy  may  be  inHaiued ;  but  whilst  infiamniatiun  is 
common  in  some  organs  and  tissues,  it  is  rare  in  others.  Certain 
forms  of  inHammation  occur  with  especial  frequency  in  certain  parts, 
and  the  appearances  will  necessarily  vary  with  the  part  involved. 

The  student  should  be  perfectly  familiar  with  the  difierent  forms  of 
inHammation,  bo  that  their  names  may  at  once  revive  in  his  memory  a 
picture  of  the  special  changes  already  described,  as  well  as  of  tlieir 
icauscs  and  consequences. 


Inflammation  of  Connectlre-tlsiue* 

Common  connective-tissue  accom])anie5  blood-vessels  everywhere. 
When  vessels  are  injured,  this  tissue  is  more  likely  than  any  other  to 
share  in  that  injury  ;  and  if  the  vessels  alone  are  damaged,  it  will  be 

[the  first  structure  to  experience  the  effects  of  the  lesion.  Thus,  every 
form  of  inflnmnuition  occurs  in  connective-tissue;  the  whole  descrip- 
tion of  the  j)roccss  applies  to  it. 

With   regard   to   special   varieties   of  connective-tissue,  the  non* 

'vasCQlar — cornea  and  cartilage — are  especially  interesting  as  the 
batUe-gruunds  upon  which  the  origin  of  the  new  cells  in  inHammation 
have  been  fought.  Scnftlebcn's  experiments  (p.  2()(j)  have  shown  that 
injury  of  the  cornea  produces  none  of  the  vascular  signs  o(  inHamma- 

*  Far  fuilher  ioformatioii  tlw  stodeat  is  referred  lo  vols,  cxlvi.  iu\d  d.  of  the  New 
Sydenhant  Society's  works,  and  to  articles  by  Manson  in  TJie  i^nttt  and  Brit,  Med, 
Joum^  1894. 
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tion  unless  the  marginal  vessels  are  affectedi  or  un]<*5»  Irucocytn  are 
admitted  from  the  conjunctival  sac.  About  the  third  day  miter  dc> 
strnction  of  cells,  regenerative  processes  set  in.  Obserratioaa  on 
cartilage  are  more  dillicult,  but  the}'  liliow  that  the  aIkivc  rr-^uU&  boU 
good. 


Inflammation  of  the  Cornea* 

vVjiteriorly  and  posteriorly  the  cornea  is  limited  by  rocmbrancs 
sufficiently  stout  to  resist  the  passage  of  leucocytes ;  but,  in  inHama** 
tion,  leucocytes  luul  fluid-exudation  from  the  vessels  enter  fVecJjr  fitna 
the  margin,  passing  along  the  lymph-channels  in  ivhiefa  tbr  cclU  aad 
nerves  lie.  The  leucocytes  thus  accunuilnte  in  rlustrr*  annind  tV 
corneal  cells.  Such  exudation  is  ncoonipaiiied  by  softening  juid  opacttv 
of  the  corneal  structure!  and  may  lernl  to  alteration  in  its  curvatsre. 
This  happens  in  vascular  keratitis  and  the  interstitial  infbiailBatkia  9t 
cnngcjiitnl  syphilis.  \^'heIl  a  slight  vascular  exudation  forms  bcBcalfc 
the  roughened  epithelium  as  a  consequence  of  the  irritation  of  granular 
lids,  the  condition  is  known  as  pannus.  I'us.  fomiing  between  tlic 
layer^i  of  the  cornea,  constitutes  onyx;  and  uleen  in  all  %tmjgcM  air 
conunon.  They  Iieul  by  scar-tissue,  and  leave  an  o|>acity  and  a  man 
or  less  altered  corneal  curve.  Any  kenktitis  may  be  "  pn>ciurtire," 
and  result  in  ojwcity  and  alter«*d  run*e. 


Inflammation  of  CartUa^, 

In  the  nu^st  acute  inHammations  of  joints,  the  curt 
iKxlily,  as  the  coniea  does  in   the  woptt  cjiSfS  of  ci-n^    ; 
injury  and  lack  of  nourishment.     It  then  eitlier  peeU  ofl*  in  flakw), 
fioflens  and  wears  auay  at  {>uiut«  of  prcs&ure.      In  Ie4ft  acute  eaacs  it 
may    be    invaded   by   leucocytes    from   the  joint-cavity    op   fnnn    the 
bone  (p.  417).     Multiplication  of  cartilage-celU  may  Ik-   ftcm, 
though  leucocytes  naturally  tend  to  collect  in  their  capsules  (Fl|t.  157) 
but    in    rheumatoid    arthritis — if,    indeed,   the   disease    U 
tor)' — nmltiplication  of  the  cartilage-cells  is  the  ch"  ^ioa, 

and  is  continued  until  the  distended  capsules  burst   i  i 

the  joint.     Regenerative  changes  probably  occur  in  chronic  cases. 
a   joint    with    inHamed    cartilages,    the    fluid    Is   always    tuHitil 
degenerating  leucocytes  and  their  products — thus  differing  from 
of  serous  synovitis  ;  and  under  certain  condiUons  tlic  UnntitioM  to  poi 


INFLAMMATION  OF  BONE. 


4A5 


18  easy.  Healing  takes  place  by  the  formation  of  ncrtr-tissiie  from  the 
new  cells.  Short,  extremely  strong  anil  wide  adhesions  often  bind  the 
surfaces  together,  producing^;i'6roi«  ankyhs'ts.  If  the  bone  is  involved 
some  or  all  of  the  adhesions  will  ossify — bonif  aniyiiMis. 


Fio.  t%7.^Sertion  of  infiamed  Cartikag^.  a.  The  normal  carliUge  cells. 
d,  Thr  same  enlarged,  d.  \fuItiplJcntion  of  cells  within  iheir  cap* 
sules.  t.  ICroding  hycrofKranulation-li'^ufr.  x  250.  (ComJl  and 
Kanvter,)    Some  uf  the  cclU  arc  probably  invading  leucocytes. 


Inflammation  of  Bone. 

Inflammation  of  bone  always  originates  in  its  vascular  structures — 
the  periosteum  and  medulla.  Periostltia  implies  that  the  prriosteum 
is  inflamed,  but  the  adjacent  layers  of  the  Iwuc  nre  always  involved* 
When  the  inflammation  chiefly  affects  the  medulla  and  other  soft  parts 
lying  in  the  Haversi.'ui  canals  or  cancellous  spaces,  the  condition  is 
called  ostitis ;  but  when  the  medulla  in  the  canal  of  a  long  bone  is 
most  markedly  involved,  the  term  myelitis  is  employed.  InHamma- 
tiun  is  never  strictly  limited  to  either  of  these  parts;  hence  the  term 
osteomyelitis. 


PERIOSTITIS.  — A  serous  form  is  described.  It  is  rare,  and  ia 
the  mildest  form  of  infective  inflammation  of  the  part.  The  exudation 
is  highly  albuminous. 

Fibrinous  and  productive  inflammations  are  common  as  the 
result  of  injur}'  and  syphilis.  A  projecting  node  is  formed.  This 
consists  of  proliferated  cells  from  the  deeper  layer  of  the  periosteum, 
well  as  of  emigrated  leucocytes.  These  cells  may  disappear,  or 
may,  as  in  other  cases,  be  succeeded  by  flbrous  tissue.  This  may 
ossify:  it  very  rarely  breaks  down.  Ossification  begins  in  that  |>art 
of  the  new  tissue  which  is  in  contact  with  the  surface  of  the  bone. 
The  vessels  entering  the  Haversian  canals  in  the  Utter  arc,  on 
account  of  the  elevation  of  the  periosteum,  more  or  less  vertical  tc 
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the  surface  ;  hence  the  new  Haversian  canals  have  the  same  dtreet&ao. 
The&e  new  canals  are,  at  first,  weU  defined  and  eaisily  sepftzmble  feat 
the  old,  but  both  ultimately  become  indistinf^ishnbly  lilrmled.  Lttn 
on,  in  syphilis,  when  guinmata  form  beneath  the  |icrioiteuM»  ft  ji 
common  for  suppuration  and  superficial  caries  to  occur.  TTic  ioIk 
cutaneous  l>oncs  nre  chiefly  affected.  InfUtumatory  thickcnn^  a/ 
a  bone  is  always  due  to  perioMtitis, 

SnpparatiTe  peHostitU  is  generally  n  ]»irt  of  the  inlecUfe 
disease  known  iis  acute  necroiis  and  osteookyelitls.  This 
ift  generally  assriciated  with  injur}*.  It  affecU  growing  boocv, 
rarely,  if  ever,  occurs  after  union  of  the  epiphyses.  It  is 
believed  that  pyogenic  organisms  lodge  in  the  nicdulU^  excite  «ip 
puration,  and  then  spread  tliruugh  the  Havereian  f^nmlm  |d  tkc 
periosteum,  and  there  set  up  the  same  process :  possibly  the 
may  alfect  the  ]>enosteuni  primarily  and  alone.  Hus,  fomin^ 
this  membrane,  rapidly  separate«i  it  from  the  bone.  l*he  ire«seU  PMK 
ing  inwards  from  the  periosteum  arc  tJius  grcatjy  stretched,  and  thi^ 
together  with  the  primary  damage  to  the  vessels,  induces  tiinmlaHift 
in  many  of  them.  Hence  suprr/iciai  necrosis  is  tlir  usual  restilt ;  aad 
if  the  medulla  also  has  suppurated,  the  necrosis  will  be  Ustal  r.r,,  wdl 
involve  the  whole  thickness  of  the  shaft.  Fyurmia  o^eti  fol 
before  the  abscess  is  opened  ;  and  thirt  is  the  condilimi  in  wi 
infective  fat-embolism  is  most  likely  to  occur.  In  septic 
myelitis,  following  operations  in  which  the  medalKary  c^Wty  has 
t>een  opened,  a  diffuse  suppurative  inHammntion  attacks  the  medalk 
and  periosteum,  causes  total  necrosis  of  large  {tortions  ot  Ixme,  and  ven 
frequently  produces  a  fatal  result  from  pya>mia  (p.  44(>). 


4 


OSTITIS   (osteitis).— The   mildest   form   described    ia    tltat   tai 

which  gmnulation-tissuc  is  produced.  This  occurs  much  oAroer  In 
cancellous  (vertebra*,  tarsus,  carpus,  epiphyses  of  long  booca)  than  Id 
compact  bone.  A  rouTid-eclled  infiltration  takes  place  in  the  inrduUa 
and  presses  into  the  Haversian  canals;  the  fat-cells  and  the  hanl 
Rulratance  of  the  Ixme  disappear  before  it — cancellous  trabecuUr  are 
eaten  through  and  Haversian  canals  widened.  A  aection 
spaces  crowded  with  cells,  of^en  developing  here  and  there 
filirous  tissue.  On  the  surface  of  the  lx)nc,  bordering  theae 
are  seen  semilunar  erosions,  as  if  small  bitcn  had  been  tiik< 
These  are  called  Howship's  lacunie.  Kach  contains  leu 
epithelioid  cells,  and  often  a  giant-cell.     The  giant-ceils  etxide 
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bone.  The  normnl  bone-corpuscles  remain  unchanj^ed  so  long  as  they 
are  distinguishable.  Tln'^  process  is  called  rarefying  oatltiSj  and  is 
an  ulceration  or  cariea  of  bone  without  formation  of  pus  (caries  jritxa). 
Nothing  is  more  natural  than  that  a  Ixtne  thus  weakened  should  yield 
to  pressure ;  thus  the  bodies  of  vertebnr  may  almost  disappear,  those 
above  and  below  becoming  approximated  ;  while  the  shafts  of  long 
bones  bendj  as  is  seen  in  ostitu  deformanx  and  other  diffuse  inflammations. 
The  inflammatory  tissue  may  pursue  any  of  the  courses  mentione<l  on 
pp.  276  ei  teq. 

In  a  very  early  case,  alworption  of  the  inflammatory  exudation  may 
occur,  and  regeneration  make  good  any  loss.  But  wlien  marked 
destruction  of  bone  has  occurred,  scnr-Ussue  must  form  and  ossify^  if  a 
cure  is  to  be  effected.  This  is  what  hap|H'ns  in  citses  of  spinal 
curvature  without  abscess.  Too  often,  however,  the  cells  degenerate 
and  soften,  more  or  less  "  suppuration  "  occurs,  and  a  cold  abscess 
results  (p.  27!)).  When  tliis  is  opened,  the  ulcerating,  carious,  surface 
of  bone  is  exposed.  If  healing  occur,  it  is  by  tlie  development  of 
he/dthy  granulation-tissue,  followed  by  scar-tissue,  which  subsequently 
ossifies.  Tubercles  are  almost  always  found  in  such  carious  j>rocesses. 
Syphilis  is  another  cause. 

Death  and  breaking  down  of  the  infiltrating  granulation-tissue  leads 
to  death  of  the  inBltmted  bone  :  the  pieces  which  come  away  are 
generally  of  small  sixe — caries  necrotica. 

In  the  most  chronic  forms  of  ostitis  no  rarefaction  of  l>one  occurs; 
the  new  growth  slowly  ossifies,  and  the  Haversian  canals  and  cancellous 
spaces  diminish.  The  bone  consequently  becomes  extremely  heavy 
imd  ivory-like ;  it  is  generally  thickened,  irregularly,  from  coincident 
periostitis.  Syphilis  may  induce  this  change,  especially  in  the  long 
l>ones  and  iii  the  bones  of  the  skull.  It  is  called  condensing  ostitis 
or  sclerosis.  It  is  said  that  simple  closure  of  a  large  number  of 
Haversian  canals  may  lead  to  death  of  the  affected  Iwne.  In  syphilitic 
necrosis  of  the  skull^  the  sequestrum  is  often  very  dense ;  it  has 
probjibly  been  killed  by  degeneration  and  death  of  the  inflammatory 
proilucts  in  the  lione  an^und  the  sclerosed  patch,  and  coiisetjuent 
destruction  of  the  few  vessels  which  entered  it. 

Notliing  is  commoner  than  to  find  rarefying  and  condensing  ostitis 
combined.  (Osteoplastic  periostitis  and  condensing  ostitis  frequently 
exist  around  carious  patches :  the  surrounding  bone  is  thus  rendered 
thicker  and  denser.  It  may  be  that  i\\\s  less  acute  inflammatory 
process  is  coupled  with  true  hyperplasia  of  the  bony  tissue. 
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NIICROSIS,  — It  hus  alrendy  been  shown  (hat  denUi  < 
follow,  In  several  ways,  clifferent  forms  of  iiiflamtiiatioii^  each   lemiBmg, 
however^  tu  destruction  of  vessels  and  arrest  of  nutrition. 

Tliis  result  niay  be  brought  about  by  injury  stripping  <>lf  the  peri- 
ofiteuro  and  breaking  up  the  medulla;  but  the  extreme  mrity  of  i 
even  in  the  most  serious  simple  fracture,  shows  that  injury  «]cmc« 
such  iiiHammation  at^  it  excites,  is  scarcely  to  be  regarded  a 
It  may  act  indirectly,  however,  by  preparing  the  nidus  for  septie  (i 
compound  fractures)  and  infective  or;{anUms.  Tttese  coii»tAntly  aetiog, 
and  severe  irritants  so  diminish  the  vitality  tliat  more  or  Icsss  cxtnuive 
Uirombosis,  with  death  of  the  parts,  ensues. 

Suppuration  beneath  the  periosteum  and  lu  the  nieduUji  arr  Mr 
causes  of  necrosis.  This  result  Ls  much  comnioner  in  compacl  tbao  ia 
CJincellous  tissue,  owing  to  the  greater  ease  with  which  cxuilatica» 
compress  the  vessels  in  the  unyielding  chanticls  of  tJic  former.  la 
nirefying  and  condensing  ostitis  (p  i^7),  deatJi  of  the  iiiHIlra-tkifi  iBa| 
produce  necrosis,  but  in  a  less  violent  way. 

The  piece  of  dead  iMJne  is  called  a  aequestram  :  it  is  ca&l  off  by  a 
process  of  caries  (p.  t2»'J).  It  may  be  ttttai — involving  the  whole  thick- 
ness, supf^/idai,  or  crH/m/  — the  last  being  much  the  nire«t. 

CoBsiderable  difficulty  is  often  experienced  in  the  rcn>oval  of  tW 
sequestrum,  esjH.'ciaIly  if  it  be  deeply  seated.  This  difliculty  b  occa- 
aionally  {in  central  Hfcnms)  due  to  the  persistence  of  a  luytrr  of  the  aid 
bone  enclosing  the  necrosed  portion.  Much  more  frcquettU^r,  htia- 
ever^  it  is  owing  to  the  participation  of  the  periosteum  in  the  Infliia 
matory  pnK^ess.  The  inHamed  |)eriosteum  produces  new  bone ;  mad 
the  bony  eA]>sule  thus  formed  encloses  the  sct^uesitTum.  Opc&ia^ 
(c/imiof)  exist  in  this  capsule  leading  to  the  dead  b«>ne,  and  thfoogk 
these  openings  the  inflammatory  products  arc  diseliarged.  When  tbc 
»e(]uestrum  is  quite  superficial,  its  removal  is,  of  course,  more  readttj 
effected. 

There  are  two  other  morbid  conditions  of  bone,  whidi,  allhoagb 
probably  not  coming  within  the  categor)'  of  inHamniatkun,  nay  be 
conveniently  described  in  the  present  chapter — vii,, 
Oiainm  and  Rickets. 


Mollities  Ossiom. 

Mollities  Ossium  or  Osteomalacia  is  s  rare  disease,  occurring  only 
adults^   and   especially  in   pregnant  women    who   have   borne 
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children.  It  is  characterised  by  progressive  decalcification  of  the 
bonus,  whilst  the  marrow  increases  steadily  and  becomes  converted 
into  a  vascular  round-celled  structure.  All  bone  is  gradually  absorbed, 
except  a  thin  layer  beneath  the  periosteum ;  so  tlwit  In  extreme  cases 
the  bones  become  mere  slielLs.  They  arc  very  light,  easily  cut  with  a 
knife,  and  bend  or  break  readily.  Early  in  the  disease  fractures  unite. 
On  section,  in  early  stages,  the  cmcellous  spaces  and  Haversian  canals 
are  enlarged  and  full  of  a  reddish,  gelatinous  substance,  which  at  a 
later  period  may  become  yeJlow  and  fatty. 

The  nature  of  the  disease  is  obscure.  The  pelvic  deformity  is  of  chief 
importance ;  the  sacrum  is  pushed  downwards  by  the  weight  of  the 
body,  and  the  acetabula  upwards  and  inwards  by  the  resistance  of  the 
femora,  thus  greatly  shortening  the  two  oblique  diameters  (p.  U)\). 

Lactic  acid  has  been  found  in  the  bone — the  reaction  of  whiuli  is 
said  to  be  acid — and  in  the  urine.  The  latter  usually  contains  excess 
L      of  calcium  salts  which  have  been  removed  from  the  bone  and  excreted. 


Ricketg. 


This  disease  of  children  is  so  frequent  in  the  large  towns  of  England 
that  it  lias  acquired  on  the  Continent  tlie  name  of  the  "  Finglish 
disease."  It  appears  to  be  caused  by  defective  hygienic  conditions, 
especially  by  bad  air  and  improper  feeding.  It  is  particularly  common 
in  children  brought  up  by  haikd.  It  may  probably  be  said  that  all 
conditions  which  materially  interfere  with  the  nutrition  of  a  child  aid 
in  the  causation  of  rickets  ;  among  tliese,  the  absence  of  Jrexh  food 
ranks  highest.  Diets  dehcient  in  fats  or  in  carbohydrates  seem 
sometimes  to  be  sufficient  causes. 

The  disease  is  mainly  characterised  by  changes  affecting  the  growing 
tissues  of  lx)nes,  and  is  therefore  most  marked  where  growth  is  most 
active — viz.,  at  the  epiphyses  of  long,  and  at  tlte  margins  of  flat,  Iwnes. 
These  changes  produce  undue  thickness  and  softness,  which,  in  tlieir 
turn,  lead  to  projections  and  curves,  according  to  the  pressure  on  the 
softened  bones.  The  bone-lcsinns  are  accompanied  by  symptoms  of 
general  ilUhealth,  and  often  by  enlargement  of  the  liver,  spleen,  and, 
less  often,  of  the  kidneys  and  lymphatic  glands,  due  cfdefy  to  increase 
of  their  interstitial  connective-tissue. 

The  alteration  in  the  bones  may  be  brieHy  described  us  consisting  in 
"an  increastd  preparation  for  ossificJition,  but  an  incomplete  perfortriance 
of  the  process  "  (Jenner).     It  will  be  remembered  that  if  a  section  of 


U\o      INFLAMMATION  OF  THE  CONNECTIVI-:-TISSUE& 


the  end  of  a  kealthtf  growin^^  \o\\^  bone  be  exmmjied»  a  %truKht  Unc 
seen  where  the  white  epiphysf  aJ  cartilage  is  adherent  to  the 
which  here  consists  of  louse  cancellous  tissue^  with  Sfxicca  fillrd  witK 
red  marrow.  Between  the  bone  and  the  epiphysis  is  a  blue,  •«■»- 
translucent  band  Hlx>ut  one  millimetre  broad  with  pntcUcnllj  «tnii||fci 
margins.  Microscopically,  the  blue  line  is  foujid  to  consist  of  the  wm 
or  two  layers  of  cartilage-cells  whicli  noniially  niultipljr  and  ealargr. 
forming  the  well-known  oval  groups  among  which  ossiiicstioB  gitomJi 
The  septa  between  these  groups  become  very  thin^  and  m  tkc 
immediate  neighl>uurhoo<l  of  the  shaft  they  calciiy.  A  -ttiiMrB 
transition  from  the  cartilage-cells  to  those  of  the  va&cuUr  red  tnamv 
is  seen  in  these  spaces.  As  soon  as  these  spaces  {primary  mrtojm)  vitii 
calciHed  walls  become  occupied  by  the  round-celled  nuuruw,  atHnrfttiB 
begins,  and  adjacent  spaces  o|>en  into  each  other  and  funn  tbc  Ur^rr 
secondary  areolar.  On  the  walls  of  these,  lamina*  of  bone  are  deparitcd« 
including  osteoblasts  in  the  lacunie  between  them;  and  thus  Havcntei 
systems  are  gradually  developed.  The  calcified  cartilaKc-OMtrix  f» 
darker  and  more  granular  than  the  bone  laid  down  by  the 
which  gradually  replaces  it. 

In  a  rickety  bone,  the  blue  transition-zone  is  much  wider 
normal,  affecting  several  mws  of  cells  ;  while  its  uutliueik,  both 
the  bone  and  towards  the  cartilage,  are  very  irrcguUr.  The  oaldft' 
cation  of  the  matrix,  in  the  formation  of  primary  arrolit-,  occurs  withool 
any  regularity.  Hence  patches  of  calcified  matrix  or  of  ytnuif^ 
imiy  be  found  in  the  transition-zone,  detached  from  the  shaft  ;  and 
collections  of  cartilage-cells  may  be  seen  among  secondary  art»lapfidlaf 
red  marrow.  Speedy  fusion  of  the  primary  into  secondary 
occurs,  but  the  deposit  of  laminie  of  bone  is  insignificant. 

Beneath  the  periosteum,  an  excess  of  osteoblasts  form,  and 
genie  fibres  appear;  but  calcification  is  ver^'  backward.  The  medalLBy 
cavity  is  formed  as  usual  by  absorption  from  the  centre,  and  thas  Utf 
sound  bone  which  was  laid  down  before  the  onset  of  the 
which  was  distinguished  from  the  rickety  bone  hy  its  greater 
and  less  opacity,  is  gradually  removed.  The  bone,  now  cooiAstiM  oaJ^ 
of  the  soft  rickety  structure,  yields  more  or  less  readily  under  prcvafc, 
or  breaks  under  slight  violence.  The  fracture,  however,  im  nfltm 
incomplete.  As  bending  occurs,  a  buttress  of  bone  is  dcpa&ited  aba^ 
the  concave  side  of  the  cun'e.  This  is  often  seen  in  the  fcmtr  uU 
tibia,  giving  the  bones  a  flat,  somewhat  razor-like  appearance. 
Tile  thickening  of  epiphyses,  the  displacements  which  occsr 
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the  junction  of  sliafts  with  epiphysc-s,  tlie  thickenings  of  the  edges 
of  cranial  l>ones  (e.g.,  the  parietals),  and  the  abnormal  curvatures  of 
bones  under  pressure,  are  readily  explaiticd  by  conditions  such  as  the 
above. 

The  process  just  described  seems  to  be  injurious  to  the  Hubsequent 
growth  of  the  eptpliyses.  They  often  join  the  shafts  prematurely, 
dwarfed  stature  beiug  the  result. 


Fig,  i$B.—Srf/ion  of  RUkfty  /Ctii/iMS.  Showing  cxceiiive  multipllcntioD 
of  cartilage-cells  and  their  arrangctiK-'nt  in  rows,  mid  alighi  ossifica- 
tion of  osteogtnic  fibres  extending  irregularly  into  the  cartilage. 
(Mott.) 

Among  the  most  important  of  the  deformities  resulting  from  this 
disease  is  the  rickety  pelria.  There  are  two  forms.  The  first  shows 
tfioTiening  of  (he  conjugate  diameter  only,  and  occurs  in  ca^cs  in  which 
the  child,  Ix'ing  unable  to  walk,  is  kept  lying  down.  The  second 
resembles  Uie  ustammUick  pelvis,  both  in  its  shape  and  in  the 
mechanism  of  its  production,  for  it  occurs  in  children  wlio  are  able  to 
walk  about  (p.  459). 
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CHAPTER   XXVI, 

INFLAMMATION  OF  BLOOD- VBSSEI^  AND 
HEART. 

Inflammation  of  Arteries. 

It  is  generally  taught  that  the  middle  and  inner  ooAtii  of  artettei 
are  non- vascular,  the  t^asn  vasnruin  not  |>enetrattiig  l>eyonr|  tlir  extcml 
coat ;  and  that  the  intinia  is  nourished  by  the  blood  in  the  lamcB  tf 
the  vessel.  But  Mott  has  shown  that  the  vasa  vasoruni  mmj  enter  tl> 
media,  even  in  normal  arteries^  and  has  suggeste<l  that  tlir  Apr*rtnm 
In  the  membrana  fcnestmU  may  allow  Hiiids  tu  pnj^-s  fnitn  thr  ti« 
vasumm  into  the  intima.  In  supiK)rt  of  tlie  view  thnt  the  tntitta 
not  nourifihcd  solely  by  the  bltKHl  within  the  lunncn  of  tbc  v 
Mott  hafi  shown  that  it  may  persist  round  thrombi,  which  nnoA 
cut  off  that  source  of  supply  (Fip.  \)\,  p.  S'^/^).  Mdrernrr,  if  It  fce 
true  llmt  the  cells  of  the  intinia  multiply  and  Ibnu  ariAstomcMtti 
processes  in  organising  thrombi,  this  conclusion  recci\*r«  aclditkhnjil  car- 
port. It  is  quite  certain  that  in  chronic  inflamnMtion  of  thr  «rtrri(% 
vasa  vHiuirum  frequently  penetrate  into  the  middle  coat  (Fig.  iHl), 
As  in  other  tissues,  inflammation  of  arteries  may  be  acutr  or  cbmnlr. 


ACUTE  ARTERITIS.— One  form  of  acut<>  artcritia  expo 

nifccts  the  aorta.  It  leads  to  the  formation  of  small,  pearlr,  nxoVi 
patches,  slightly  rai<wd  almve  the  surface  of  the  intinia.  Lnder  I 
microscope,  these  are  seen  to  be  mainly  due  to  a  pntlifcration  of 
cells  of  the  part. 

Acute  inHammation  may  also  l>e  produced  by  injuryy   aa  wbea 
vessel  is  tied,  twisted,  or  damaged    hy  some  irritant   Ibrincd 
pactcd  in  its  lumen  (tlirombus  or  embolus);  or  it  may  be   the 
of  extension  from  surrtnmding   {>arts.     The  changes  in  ti 
arteritis  are  descrilied  at  p.  231,  and  the  effects  pntcliieccl   by 
thri)inbt»sifl  are  similar.      Plugging  of  an  urtcry  by  a  Msnpic   rm' 
cauiics  a  chronic  inflammation  ;    but   infective  emboli,   as  in    ca»n  dl 
ulcerative  cnd<x*arditis,  are  Itelieved  to  produce  acute   infiltratioQ  anJ 
softening,  and  to  Ik*  the  chief  cause  of  aneurysm  in  young  people. 

In    arteritis  by  extension,  the  outer  eoat    b  fint  and    efak^ 
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nffccted.  If  the  process  extends  to  the  intimn.  the  emlotheliiim 
becomes  detaehed,  and  thrombosis  results.  Thus  destruction  of  vessels 
by  uleemtion  does  not  cause  hirmorrhage,  unless  the  thrombus  breaks 
down,  as  it  may,  if  infected  from  n.  foul  wound  ;  this  srpiir  arteritis  is  the 
commonest  cause  of  secondary  lia'morrha^. 

CHRONIC  ENDARTERITIS.-   \M)ilst  tlie  acute  inflamma- 
tions affect  more  or  less  generally  the  whole  thickness  of  the  artery. 


Fig.  159. — Eytrrnai  Cvat  0/ Aorta  in  an  £arty  Stagt  of  Arteritis,  ^tm- 

ing  peri -arteritis  and  ccll-infiUralion  from  the  vasa  vaM>ram.  The 
wnlls  of  the  viuum  viuoruin  !>een  in  section  are  much  thickened.  It 
was  a  markedly  syphilitic  case.    fMott.) 


the  chronic  inflammations  affect  primarily  and   sometimes  solely  tlie 
deeper  layers  of  the  intima — hence  the  term  chronic  endarteritis. 

Chronic  endarteritis  is  to  some  extent  a  senile  degenerative  change  : 
its  advent  is  accelerated  by  undue  mechanical  xirain,  by  xi/phiUs, 
and  fay  chronic  alcoholism.  Mechanical  strain  is  supposed  to 
have  a  «|>ecial  influence  in  the  production  of  tliat  variety  i»f  chronic 
endarteritis  which  goes  by  the  names  of  arteritis  deformans,  and 
atheroma.  The  proofs  adduced  are — the  much  greater  frequency 
of  these  changes  in  the  aortic  than  in  the  pulmonary  system ;  their 
occurrence   in   tlu'    latter  when   the   pressure  is  rrti*ied,  as  in   mitnil 
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obstruction ;  their  relative  frequency  in  those  ftysteniic  artrHes 
nrc  most  oxposed  to  strain,  crspeciiilly  tJie  nrch  of  the  «ortft  ;  and  tJbtk 
presence  in  contlitioiis  nccompnnieil  hy  rise  of  blood -|>reannCb  Tbv 
athletes  are  very  liable  to  the  disease.  It  is,  tnoreovcr»  i*mwinff  ta 
chronic  Dright's  disease,  which  is  usually  accompauiied  bjr  ft  k%^ 
tension  pulse.  Sypbilis,  us  a  cause  of  endarteritis^  has  been  cna* 
sidcretl  in  a  preceding  chapter  (p.  4-3 'J ) ;  and  a  special  ^htatgt  la  IW 


FlQ.  s6o. — Atheroma  tftMz  Morta.    Sliowing  tt  'Vt'iV  ^ 

Ifae  inner  coat,  and  the  coiuequcnt  bulging,  i  ,.-  v^ari. 

Some  of  the  new  lUsue  has  undtrrgone  falty  degcnerHlion.  TliCTe  tt 
also  some  thickening  of  the  middle  coat,  i.  Internal.  «t.  mL-Ulv 
t.  eactemal  coat  of  vessel      x  5a     Reduced  ^ 

arteries,  met  with  in  chronic  interstitial  nephritia,  will   be  dcflcnM 
when  that  disease  is  discussed. 

Atheroma  afl!*ects  chieHy  tlie  larger  vessels  of  the  trunk  and  ''■'^ 
and  those  at  the  base  of  the  brain.  It  o{\en  fomis  Hn|pi  riMiml  tk 
mouths  of  branches  leaving  a  main  trunk  ;  but  the  whole  cire 
is  not  uniformly  affected.  It  appears  as  sliglitly  prumineiat  velli 
patches,  covered  by  a  normal  endothelium ;  in  fsct^  this 
•uperficia]  layers  of  the  intima  may,  in  the  early  friaf^ca,  be 
off,  leaving  the  diseased  tissue    l>eneath.     It  thas  ooniraala  sIniMb 
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with  the  superficial  fatty  ]»itciies,  which  result  frum  fatty  de- 
generation of  the  endothehal  and  sub-endothelial  connective-tissue 
cells  (p.  ()l). 

In  the  earliest  stage  of  the  process,  a  greyish,  semi-translucent 
mass  of  cells  is  found  between  the  lamina;  forming  the  deeper  part 
of  the  intinta.  The  origin  of  this  is  doubtful.  It  is  probnbly  due  to  a 
proliferation  of  the  original  tissue-cells;  and  this  again  may  possibly 
be  the  result  of  the  presence  of  some  organism  or  other  irritant.  The 
new  cells  may  develop  into  fibrous  tissue,  resulting  in  a  dense  fibroid 
plaque  or  a  more  diffuse  thickening.  More  often,  formation  of  fibroid 
tissue  and  fatty  degeneration  are  found  together  (Fig.  I(jO)  ;  or  fatty 
degeneration  and  calcificntion  may  occur ;  ur  tlie  fatty  degeneration 
may  lead  to  complete  soi\ening.  In  the  latter  cabc^  a  soft,  yellowish, 
pultaceoua  material,  consisting  of  fatty  debris  and  cholesterin  crj-stals, 
is  found  beneath  the  intima.  This  has  been  termed  an  tttficromatous 
abitcess.  If  the  lining  membrane  perishes  or  is  torn,  the  softened 
matters  are  carried  away  by  the  blood-stream,  and  an  atherom<Uoua 
ulcer  is  left.  The  middle  and  external  coats  become  more  or  less 
intiltnited  with  new  cells  and  the  resulting  fibrous  tissue,  especially  in 
the  aortfi. 

It  is  not  uncommon  to  find  the  arch  of  tiie  aorta  so  studded  witli 
small,  thickly  set,  raised  pbu^nes  that  it  looks  somewliat  like  "cruccKlile 
skin."  Tlie  plaques  are  yellow,  and  many  of  them  are  calcified.  These 
calcareous  plates  may  be  quite  bare,  or  covered  by  endothelium  or  a 
little  fibrin  :  atheromatous  abscesses  and  ulcers  may  also  be  present. 
The  orifices  and  the  branches  of  the  coronary  arteries  are  ofleii 
narrowed  by  these  changes ;  while  the  blood-sup])ly  to  the  heart  is 
proportionately  lessened,  and  tJie  tendency  to  fatty  degeneration  of  its 
nmseular  walls  increased. 

The  cause  of  the  fatty  metamorphosis  of  the  new  cells  is  also  in 
dispute.  Kostcr  and  Kratt  believe  tliat  a  mesarteritii,  ur  infiltration 
of  the  media,  is  the  primary  change  in  atheroma,  aiid  tliat  conversion 
of  the  cell-infiltration  into  fibroid  tissue  causes  constriction  of  the  vasa 
vasorum,  which  send  fine  branches  into  the  infianimatory  (uitcU  in  the 
intima  :  this  consequently  degenerates.  But  Orth  and  mot»t  authors 
deny  that  a  mesarteritis  either  precedes  or  even  accompanies  the 
infiltration  of  the  intima.  Mott  believes  that  fatty  changes  JJi  the 
latter  result  from  an  endarteritis  of  tlie  vasa  vasorum,  hading  to  pro- 
gressive narrowing  of  thrir  lumina:  this  is  illustrated  in  Fig.  itiii. 

It  is  obvious  that  atheromatous   clmnges  will  greatly  im|mir   the 
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elasticity  of  a  vessel,  and  render  imperfect  the  circulation  in  the  parts 
beyond.      Moreover,  the   inetastic  vessel- wall  tends   slowly   to  yirkl 

under  the  constant  pressure  to  which  it  is 
subjected.  General  dilatation  of  the  vessel 
results :  when  this  is  extreme,  it  is  known 
as  .1  fnsiform  uskvaxymak.  When  u 
atheromatous  ulcer  fonns,  the  vessel  i> 
Ki)ecially  weakened  at  one  spot,  aitd  a  local 
dilatation  or  sacculated  wak^xucymm.  hut 
occur.  When  this  has  reached  a  ceriun 
size,  the  Mall  may  rupture,  and  fatal  ha-mar- 
rhage  result.  If  the  external  coats  ha\c 
been  uniformly  strengthened  by  the  forma- 
tion of  chronic  inHammatory  tissue  in  thrm. 
this  result  will  be  ]>ro]Kirtiunately  delayed.  If  an  atheromatous  abwruk 
bursts  before  the  tissues  round  its  margin  have  been  matted  together 


Fk;.  \{ii.— Atiiiary AnvurysMS 
vH  a  Itranth  of  the  MhUUf 
Ccrt'h-al  Artt'ty,  from  a  case 
of  ct'rebral  hx-moi  riiuK^'. 
'I'hey  arc  not  unlikr  birds' 
ncsit!*  in  a  tree. 

(From  a  specimonby  Dr.  MoU.) 


Ik;.  i'i2,  —  S,\ti.n  >.!'  >in  A:hrr.nuitoui  Acrti::  llir  intima  is  much 
lliickriif.l  i/j;  p.ii^:iii;  in  fioni  the  rxU-rna  through  iho  mctlM  .ur 
vciM'K,  alKjtil  wludi  h.rinunha;;c  (Ai  hai  occurrt-tl ;  the  lumina  of 
the  ii)ai[i  trunks  of  (best:  (i;  in  tlic  externa  are  almoM  obliterated  by 
an  vndancittii.     (Mott.) 
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by  Jibroid  j^wth,  the  blood  may  find  its  way  into  the  substance  of 
the  media,  and  making  tor  itself  a  cavity  t)etwpen  the  coats  of  the 
vessel^  form  a  dissecting  aneuryBzn.  This  o<-curs  only  iti  the  aortji 
and  its  largest  branches.  Ultimately  the  blood  may  burst  through  the 
exUma  into  the  surrounding  tissues,  or  through  the  intima  into  the  lumen 
of  the  vessel. 


Inflammation  of  Veins. 


e  Acute  inflammatory  processes  are  mure  frequent  in  veins  than  in 
arteries.  In  veins  they  are  generally  secondary  to  tKrombosis^  and 
are  due  to  the  irribiting  effect  of  the  thruuibuH  upon  the  coats  of  the 
vessel.  These  inHamuiutions  have  already  been  described  (p.  235). 
EThey  are  localised  or  spreading,  according  as  the  riot  is  simple  or 
continued. 

Other  causes  of  phlebitis  are  violent  injnrj,  and  extension  of 
inflammation  from  adjacent  tissues.  Paget  describes  a  recurrent  gouty 
phlebitis  especially  common  in  the  internal  saphenous  vein. 

The  structural  changes  closely  resemble  those  in  the  arteries.  In 
phlebitis  from  injnnj  or  from  extension,  the  external  and  middle  coats 
become  infiltrated  with  cells,  the  vitality  of  the  intima  is  subsequently 
im|mired  or  lost,  and  thrombosis  follows.  In  phlebitis  from  thrvmhosist 
the  intima  suffers  first. 

Less  commonly  than  in  arteries,  the  veins^  especially  in  the  lower 
limb,  may  be  studded  internally  with  irregular  calcified  plaques. 

When  a  clot  undergoes  infective  puriform  softening  (Fig.  97,  p.  935), 
the  vein-wall  becomes  densely  infiltrated  with  cells/and  presents  much 
the  same  ap[K*arance  as  when  it  becomes  infiltrated  by  extension  from 
a  foul  wound  {acfUe  septic  phlebitis). 

Varicose  Veins.-  -In  some  persons  especially  predisposed, constant 
but  comparatively  slight  increase  of  the  venous  pressure  in  the  legs, 
scrotum,  or  rectum,  will  produce  an  irregular  dilatation,  lengthening, 
tmd  tortuosity  of  the  vessels  In  question,  i'ortal  obstruction  will 
produce  the  same  result  in  the  veins  of  the  hemorrhoidal  plexus 
apparently  milioiU  any  predisposition.  Other  veins  are  similarly,  but 
less  frequently,  affected.  The  dilatation  and  other  changes  are 
accom[Minied  by  thickening  of  the  widls,  mainly  due  to  the  formation 
T  chronic  inflammatory  fibroid  tissue. 
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Inflammatory  processes  in  tlic  heart  may  alTcet  tlie  subsUuncv  «/  tW 
organ  or  the  endocardium.     They  are  much  more  frcqucot  In  thm  IvU 

named  situation. 


Inflammation  of  the  Endocardium. 

Endocarditift  is  for  the  ino^l  |»irl  liuiUetl  to  t)ic  vnlvr» 
lieart,  altliou;>:h  it  is  occaiaonally  found  ou  the  adjacent  |iart» 
walls.     Af^r  birth,  the  process  is  almost  exclusively  confined  to  tlw 


l-'iG.  164.— UJUmrm$ii0m  ^  Muvml 

pruccsv      Vulvc    icvn    frtste    tte 

aiuiculor  uuiaoc      Sbowtew  0m 
^tiuutuii    of    the    inlUauuEtacy 

giauulatiunv 


Fig.  163. — /H/(.tmmu/$aM  1/) 
Aortii  t'tthvs.  The  trarlier 
sUt^e  of  the  process.  Show- 
ing the  utiuiion  of  the  in- 
flammatory  Eranulaiior^s. 


left  side  of  ttie  organ,  and  in  the  great  majority  of  caaeSj  U 

in^  and  com})arHtively  rarely  extends  beyond,  the  coiifinea  of  the 

and  mitral  valves  and  the  cfirrcsj>onding  orifices.      Hut 

life,  endt>cnrditis  is  as  exclusively  confined  to  tlie  ri^ht 

rise  to  congenital  lesions,  and  thus  often  interfering  with    the  namul 

development  of  the  organ.     It  is  those  jxirtions  of  the  valrai  wki^ 

come  into  contact  in  the  act  of  chisure,  and  arc  thuH  tnoat  f  ijiowrfii    ' 

frictiott,  which  are  es{)ecially  involved,  and  in  which  the  el&anjcca  nrmftT 

commence.     Thus,  in  the  aortic  valves,  it  is  the  cvm^j  surface  of  ihr 

Mgments  which  is  most  liable  to  be  afTccted.     The  change 

commence  at  the  free  edge  of  the  segment,  but  uluug  iJtc   httJc 

of  tissue  whicli  ]hissc8  from  the  attached  bonier  to  tJic  corptb  A 

in  tlie  centre  (Fig.  ]63).     In  the  mitral  valve,  tlie  auricular  suWace 


kianti^s 
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the  segments  nt  a  little  ilistAiicc  from  the  attjichment  of  the  choixlie 
tendinete  is  first  involved  (Fig.  164-).  When  portions  of  the  endo- 
cardium, apiirt  from  tlie  valves,  are  affected,  it  may  sometimes  be  due 
to  the  irrilntion  caused  by  the  friction  of  vegetations  or  fibrinous  clots, 
situated  (m  the  valves  themselves;  but  it  is  prolmlile  that  infection  by 
orgfLnisms  de])osited  from  the  original  valve-lesion  is  the  commoner 
cause  (Fig.  iG.'i). 

The  lustologieal  changes  a<N?om[>anying  endocarditis  resemble  those 
already  described  as  occurring  in  arterial  inflammation.  The  endo- 
cardium and  the  inner  coat  of  an  arterj'  arc  very  analogous  in  their 
structure,  both  being  non-vascular^  aud  consisting  of  a  layer  of  connec- 
tive-tissue with  an  internal  endothelial  covering.  The  inflammatory 
process  may  be  aatfr  or  chrtmic. 


ACXm:  ENDOCARDITIS.— If  the  pri»cess  be  acute,  the 
deeper  layers  of  the  endocardium  become  rapidly  infiltrated  with 
young  cells,  and  as  these  increase  in  number,  the  intercellular  substance 
becomes  softened  and  destroyed,  and  thus  is  produced  a  soft  tissue 
composed  almost  entirely  of  cells  such  as  always  results  from  inflam- 
matory processes  in  connective-tissue.  The  new  tissue,  as  it  increases, 
projects  through  the  superjacent  endothelium  in  the  form  of  minute 
granulations  and  vegetations  upon  the  surface  of  the  softened  valve 
(see  Figs.  I()3  and  I*i4).  The  endothelial  elements  probably  partici- 
pate in  the  active  process.  This  is  the  papillary  form  of  the 
disease. 

The  above  changes  lake  place  in  an  almost  non-va.scular  tissue,  and 
although  there  is  more  or  less  increase  of  vascularity  in  the  external 
endocanlial  layers,  where  the  capillaries  are  more  numerous,  there  is 
rarely  any  redness  or  injection  of  the  endocardium  seen  after  death. 
The  granulations,  rough  and  bereft  of  endothelium,  frequently  induce 
sufficient  thrombosis  to  provide  tliem  with  fibrinous  cajjti.  These  caps 
must  not  be  confounded  with  the  vegetations  themselves  (Fig.  l(j(>). 

The  results  of  this  cellular  infiltration  vary.  If  the  process  V>e  very 
intense,  the  new  tissue  may  break  down,  and  a  loss  of  substimce  result 
— an  endocardial  nicer.  This  usually  takes  place  without  any 
accuumlalion  of  cells  sufficient  to  form  an  abscess,  the  new  tissue 
simply  undergoing  rapid  softening  and  disintegration ;  but,  in  rare 
CAses,  small  quantities  of  pus  are  found  in  the  deeper  endocanlial 
layers  (ab»ce«»).  The  ulcer  is  irregularly  defined,  and  its  edges  are 
usually  swollen  aiul  tliickeaed.     Tlie  nkcratiim  may  lead  to  perforatiou 
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WK#:n  th^  ix.rAir.rr^V'ry  pr>-^^4  i*  less  int*a**,  th^  cr«ii;^tirijr  »»r 
ftiAy  v!h»'r«?  to  ^Arh  f'*K*:r.  -'r  :••  at.  in£Ar.ieii  pAtch  oc  th*  m*!".  «»f  t 
K*-art.  'P-fr  iiTW  t:-iu^  !>^c»>n:^r-»  ir^o  mpltfte'v  orsrini-*J  into  a  fih 
iV.*r<l  itrjrrture,  whil**  it  i.^drr^i.t^.  :n  part,  tattr  jui«l  cajcaitv 
4\f'i£*:u*:rz*Jon.  Thr*>«:  ch^i^rr^  alu-iy*  produce  prnuanent  tiii^kcflfa 
risldltj.  and  ghrinlring  of  the  ti^^uc  with  c«.^n«<^uent  n.r«f^o<mi 
tlifr  Mth*";  or  *tmoii4  rtt  tilt-  oriiicr-*.  or  l>»th.  ITic  new  tiss>ue  n 
c#iritiriu«-  to  jfnjw  aft»-r  th#-  se\<rrity  tit  tlu'  fwnKt-ss  ha-s  sul»^««L  s 
thu^  ar«:  jirr¥iiJCt-d  the  %-e::rtatiuij^  and  papiuan'  i*xcre-«<x-acrs  oo  t 
\alvf,  whirh  are  w>  commonly  mtt  with  ser  Fig.  1*»*»\  Thtrs*  cnxisEt 
a  lo«ly  or^aniMird  ti^«iit%  which  tends  to  underp>  fatty  and  cAicarrci 
t:\inrtfiKt.     The  effect  of  the>e  elian>;es  i*.  in  general  teniK.  to  imiMirtl 
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Action  of  tl)e  heart.  In  some  cnses  tliis  is  tlue  to  the  dirficiilty  in 
propelling  blood  lhr(»ugh  a  constricted  or  partially  obstructed  opening, 
in  otliers  to  the  rcgurgit'ition  of  blood  which  mjiy  take  place  through 
nrifices  guarded  only  by  damaged  or  im|>crfectly  approximated  valves 

(pp.  99,  *^1*^). 

JEtiolo^.  —  Endocarditis  occurs  esj>ecittlly  in  acute  rheumatism. 
It  is  im  occjisional  complicJiti<»n  of  pyanuia,  puerperal  fever,  gonc^rrliu-al 
rheumatism,  scarlatina,  typhoid  fever,  and  chronic  Bright's  disease.  The 
pnpilbiry  form  is  by  far  the  commoner.  The  ulcerative  may  occur 
primarily,  but  as  a  rule  supervenes  upon  the  papillary  or  chronic  forms. 

The  relation  of  endocarditis  to  the  above  diseases,  and  the  course  of 
the  ulcerative  form,  suggest  an  infective  origin.  In  ulcerative  endo- 
carditis many  observers  have  found  micrococci  on  the  vegetations,  and 
in  the  substance  of  the  valves.  The  forms  most  frequently  found  arc 
the  staphylococcus  pyogenes  aureus,  the  streptococcus  pyogenes,  and 
leas  commonly  Frankel's  diplococcus  pneumoniae  and  other  forms  of 
bacteria.  These  organisms  have  been  cultivated,  and  the  cultures 
inoetdated.  Ulcerative  endocarditis  has  frct|uently  been  produced  by 
n  very  large  dose  of  the  cultures.  If  the  valves  be  previously  injured, 
a  much  xtnttffer  dose  suffices  to  produce  a  similar  effect.  Corresjjonding 
organisms  are  demonstrable  in  the  secondary  inHammations. 


I 


CHRONIC  ENDOCARDITIS This  may  Xya  the  sequel  of 

acute  iuHannnation  ;  or  the  process  may,  from  its  commencement,  be 
chronic  in  its  nature.  Conditions  of  mechanical  strain,  such  as  lead 
to  chronic  endarteritis,  are  the  most  important  causes  of  chronic 
inflammation  of  the  endocardium.  Hence  chronic  disease  of  the 
cardiac  valves  is  frecjuently  associated  with  atheroma  of  the  arteries. 
The  cell-inHltration  is  nmch  less  rapi<l  and  abundant  than  in  the 
acute  form  ;  the  intercellular  substiince  consequently  undergoes  less 
softening  and  disintegration,  and  the  new  tissue  has  a  much  greater 
tendency  to  develop  into  a  (ibritlated  structure.  The  result  of  these 
chronic  processes  is  the  production  of  a  fibroid  tMckening  of  the 
endocardium,  with  more  or  less  induration  and  contraction  ui^  tlie 
valves,  narrowing  of  the  orifices  from  the  progressive  adhesion  (fn»ra 
their  Imses  towards  their  a])ices)  of  atljacent  cusps,  and  shortening  and 
tliickening  of  chonitr  tnuiinrtv.  The  ftfects  on  the  circulation  are  the 
■  same  as  those  produced  by  acute  endocaixlitis.  The  new  tissue  some- 
times forms  papillary  growths  on  the  valves,  which  undergo  partial 
fatty  and  calcareous  changes  (Fig   16.5). 
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Fig.  167  ^-Arutt  RkeMmati^  Myci^rxUtii,  sssff^^ttt  vnfM  ^««^  ^p^ 
AriVrtn/iViJ.  To  the  nuked  rye,  the  myoavdiutn  was  *•  fatty** 
only.  The  tiuun  around  Uir  attcty.  ictn  in  lonK^liadAiMl  srdSiaB. 
tirv  inrillratrd  with  Icrucocylt^,  and  httfflorthaifie  has  Qccmifl  In  ti^t 
upper  part.    A  cast  of  sudden  dc-jilh.     (Moll.)* 

From  '■  Myocarditis, "  by  Dr.  Bnicr,  in  Keattncli  **DiHa»r»  of 
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Inflammation  of  the  Myocardinm. 

Myocarditis,  or  inflammation  of  the  cardiac  substance,  is  much 
less  frequent  than  the  preceding.  Intense  and  concentrated  inflamma- 
tions, leading  to  the  fonnation  of  abscess,  probably  occur  only  as  the 
result  of  a  pysmic  process.  Less  intense  and  more  diffuse  forms  of 
irdiac  inflammation  arc  also  not  infrequently  met  with  in  association 
'ith  pericanlitis,  and,  less  commonly,  with  endocarditis.  Here  the 
[inflammatory  process  appears,  by  extension,  to  involve  the  immediately 
[adjacent  muscular  layers  of  the  organ,  which  are  found  infiltrated 
hnrith  small  cells,   the  flbres  themselves  being  softened  and  granular 


Fig.  i6i.-~AtHte  Myoiarditis.  Fromacnsc  of  acute  rheumatism,  a.  A 
Ihin  section  of  the  left  venlridc  made  in  the  direction  of  the  muscular 
fibres,  showing  the  gtanular  and  swollen  condition  of  \\\c  fibres,  and 
the  prominence  of  tlieir  nuclei.  A.  A  transverse  section,  showing 
the  cf^utar  infiltration  of  the  intermuscular  tiuue.     x  aoa 


from    degeneration,   or   clear    and    structureless    from    coagulation* 
necrosis. 

In  addition  to  the  above,  a  dijfttsc  form  of  myocarditis  must  be 
recognised  in  which  tlie  substance  of  the  heart  becomes  more  generally 
involved.     In  certain  cases  of  acute  rheumatism,  the  muscular  tissue  of 

ic  heart  is  found,  after  death,  to  have  undergone  the  changes 
characteristic  of  cioudif  stvrUing  (p.  fi.S).  When  examined  microscopi- 
cally, the  imclei  of  the  fibres  are  often  seen  to  be  large  mid  prtmiineiit, 

'hile  small  cells,  in  varying  numbers,  infiltrate  the  intermuscular 
tissue  (Fig.  I()8).  The  change  is  most  marked  in  the  left  ventricle, 
and  it  is  usually  associated  with  endocanUtb  or  pericarditis  (Fig.  1()7). 


*74     INFLAMMATION  OF  BLOOI)-VF.SSELS  AND  HEAIT 


Fibroid  Induration  of  the  Heart. — This  cUtutgr^  t«  e. 

by  the  presence  of  a  6l>rillatc<I  tissue  between  the   mu< 
Tlie  process  commences  in  the  intennusculAr  septa  an*u::i.  _-- 
vessels  (Fig.  169).     The  atTecied  parts  may  be  «o  hard  as  to  c«l 
piece  of  tendon  (Fig.  170), 

The   cundition   f^enemlly   depends   upon   disease    of   the 
arteries.      It  is  usually,  therefore,  a  localised   rhaiij^. 
occurs  as  a  final  result  of  embolism  or  thrombosis   of  a  amall 
and    merely    consists    of    the    scar-tissue    whiclj    ultimately 
the  destroyed  fibres  (p.   347).     At  other  times,  the   chmn^ 


Fig.  ify^—fihrtfid /ttdttra' 
Hqh  of  the  Heart  A  sec- 
tion rrom  the  wa.ll  or  (h*? 
left  ventnde,  showing  ilie 
sninlUccllcd  growth  in 
the  intermuscular  septa 
around  the  blood'VesicU. 
u.ti.  Vessels.      X  aoo. 


Fig.  tj^o—FUrvid  imdm-9H«m  0 
Heart.     A  Mctloa  froan  |«ft 
ofthesamelMvtav  Ft^  t^ 
A  more  ndvfttiord  klofc.     The 
tusov  stirrotinds  the    iitlTfat— I 
GuUr   htnrs,    which    an 
fetty  degenemtioa.      ic  a 


secondary  to    endarteritis   and    atrophy  of  the    mu&cular    Abns  ii 
"  Interstitial  Nephritis/'  anil  p.  />*)). 

Fibroid  induration,  like  acute  myf>crtrditis,  of  the  heart 
some  CJises  to  l>e  induced  by  inAammntor)'  pmce««e» 
the  pericanlium  or  endocardium.  When  secondary  to 
tlie  change  is  usiudly  most  advanced  in  the  more  cxtcrEial 
of  the  cardiac  walls,  and  it  commonly  affects  both  tlic  ri^ht 
ventricle*.  When,  on  the  other  hand,  an  endocarditi*  ia  the 
of  the  indurative  process,  the  change  is  more  marked  in  the  in 
muscular  layers,  and,  inasmuch  us  intiainmator^'  procesara  iu  the  m 
cardium  ocxur  almost  exclusively  in  the  lefl  caxdiae  cavitica,  the 
ventricle  U  principally  involved.     Even  in  tliese  eaaea,  tt 
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tliat  the  change  follows  iitropliy  of  tlie  fibres,  which  again  ii><lepen(1ent 
,on  a  deficient  supply  of  blotKl.  The  change  is  by  no  mcan^s  cunfined 
to  those  parts  nffected  by  the  endocarditis.  In  other  casesj  the 
fibn)id  ^owth  appears  to  l)e  the  resuU  of  syphilis  (see  "Syphilis"). 

Whatever  the  cause,  the  heart  is  usually  enlarged,  and  the  fatty 
idegcncrulion  of  the  muscular  fibres  is  found  outside  the  Hbroid  areas, 
[Moreover,  the  function  of  the  heart  is  mnteiially  inipjiired,  and  iibroid 
induration  accordingly  constitutes  one  of  the  gravest  of  all  cardiac 
diseases. 

Myomalacia   cordis    is   the   term   aj>plied   to   the   presence   of 
lecrosed  areas,  which   result  from  embolism  or  throml>osis  of  large 
^branches  of  the  coronary  arteries. 


CHAITEII   XXVU. 
INFLAMMATION   OP  LYMPHATIC   STRUCTURES. 

[nflammation  of  lymphatic  structures  usually  results  from  their 
injury  by  substances  conveyed  to  them  through  the  lymphatic  vessels. 
They  include — acute  and  chronic  intlanmialions,  and  the  specific 
inflaruniHtioiis  associated  with  Typhoid  Fever,  iiach  of  these  nmst 
t)e  considered  separately. 

Acute  Inflammatioii  of  Lymphatic  Structures. 

Examples  of  acute  iufionimation  of  lymphatic  structures  are  furnished 
by  the  inHammation  of  the  axillar}'  glands  which  may  follow  a  wound 
on  the  hand  ;  of  the  inguinal  glands,  in  a  case  of  soft  chancre ;  and  of 
the  lymphoid  follicles  of  the  intestine  in  infiammation  of  the  intestinal 
raucous  membrane. 

Inllaiimiation  of  lymphatic  glands  is  almost  always  due  to  absorption 
of  some  infrtfivc  suhstamr  from  a  primary  focus  of  inflammation  (diph- 
theritic, erysipelatous,  scarlatinal,  chuncrous,  &c.)  :  micro-organisms, 
cspeci.illy  micrococci,  have  frequently  l>een  demonstrated  in  the  in- 
fiamcd  glands.  A  gland  affected  by  acute  inflammation  becomes 
intensely  vascular,  and  the  seat  of  free  exudation.  The  escaping 
Ieuc<K*^*tes  accumulate  in  its  tissues  and  sinuses,  until  all  distinction 
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betiveen  medulla  and  cortex  hits  disappeared  ;  while  tbe  4^^^ 
substAnce  is  soft  and  pulpy*  and  often  dotted  with  fMraiarrfaa|t*& 
Leucoc)'te3  in  the  lymph  coming  from  the  primary  foeus  aiv  tim 
detained  in  the  gland. 

Upon  the  removal  of  the  injurious  inlluence,  the  |Mtw:<M  aaf 
gradually  subside,  and  the  new  elements  undergo  disii|ti|^iiiUwi  mA 
absor])tion^    the    gland   gradually    rL*turntxig   to    its    nnrtnaJ    i  iwwIUha 

In  other  c&!;es  the  process  goes  on  to  iuppmraiioin^  the  UabcmJi 
are  destroyed,  many  of  the  cells  become  disintegrated,  and  the  local 
of  the  gland  become  filled  with  pus.  I'his  is  usually  aasDciatad  viA 
inHammation  and  suppuration  of  the  surrounding  i  aiimntliL  Ximm 
In  the  glands  of  a  mucous  meinlinuic,  the  process  j^ves  ri«r  to  vial 
is  known  as  a  foHicular  ahsctM.  !n  Htill  more  acute  caaea^  the 
tion  may  be  truly  huMnorrhagic. 


Chronic  Inflammation  of  Lymphatic  Strtacturea* 


% 


.  ■^■c> 


Chrtmic  inflammations  of  lymphntir  strncturcK  result  frofn  innrvi 
which,  while   less  severe,  are   more   |)n>lnitged  in    their    acthnk   tba 

those  which  give  rise  to  the  «r«to 
form  These  chronic  inllanniBti*^ 
processes  differ  still  further  from  thr 
actite,  ina^smuch  its  they  IcmI  la  « 
gradually  increasing  (levc^Iopmcnl  ^ 
Uic  ntivnlar  Hntcimre  of  the  glaiA 
The  reticulated  network 
thicker  and  more  tibrr>ufty  its 
becoming  Mimllor  mtu\  fttnallcr 
lymph-cells  diminiali  In  number; 
the  gland  become*  bard  ^nd 
(Fig.  171;.  Trobably  in  theae 
eases,  the  cells  of  the  gland  ml 
and  the  flat  ronnretlve-tiaw»e  cdk 
covering  the  trat>ecul(e  multiply,  and  assist  in  funning  the  infiUiarin 
eelK      Fatty  |uitches  are  frequent  in  chronicjilly  infUiurd  glanda 

Scrofoloos  GlandB. — In  those  chrunic  infUmmattons  nf  the 
lympliatic  glandtt  which  occur  in  scrofulous  subjects,  and  in  which  tla 
glands  tend  to  become  caseous,  the  changes  resemble  thcMe  alr^s^r 
described  as  characteristic  of  scrofulous  tafUromation  (p^  -AMI     TW 


Fig.  171.— rAnwfV  fmjiammatii'n  <y 
a  l.ympkafie  (iUimii.  Showring  the 
increase  in  the  stroma,  atui  the 
diminution  in  ihr  number  of  th« 
Ijrmphokl  crils.     x  300. 
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^cumulation  of  new  cells  is  considerable  ;  there  is  but  little  tendency 
absorption  ;  and  many  of  ttie  cells  increase  in  size^  and  even  form 
lultinucleated  elements.  The  gland  thus  becomes  enlarged,  soft 
(d  elastic  in  ctmsistence,  and  of  a  uniform  grcjish-white  colour. 
'trop-essive  changes  and  caseation  follow  (p.  53).  Tlie  caseous 
laterial  may  subsequently  liquefy,  or  become  infiltrated  with 
ilcareuus  particles.     The  gn*at  tuajority  of  caseous  lymphatic  glands 

tuberculous,  and  the  bacillus  tuberculosis  is  found  in  them  in  small 

ibers. 


Inflammation  of  Lymphatic  Stmctnres  In  Typhoid  Fever. 


Typlioid  fci 


itc  infective  disease. 


acute  mtccuvc  disease,  generally  attributed  to 
action  of  bacteria  (p.  '3oQ). 
'I'he  ordinary  duration  of  the  fever  is  three  or  four  weeks,  and  the 
temperature  as  a  rule  both  rises  and  falls  (/yjw)  gradually.  The  most 
characteristic  lesions  are  found  in  lifuiphoid  iuisue — especially  the 
sohtarj'  and  agininated  follicles  of  the  intestine,  the  corresponding 
lymphatic  glands,  the  spleen,  and  sometimes  the  red  marrow.  The 
iritexfitiaf  lesions  are  the  most  constant,  and  their  various  stages  so  often 
corresjKind  with  definite  clinical  conditions,  tliat  we  can,not  infrequently, 
judge  of  the  state  of  the  intestine  from  the  symptoms  and  the  day  of 
the  disease. 

Many  believe  that  infection  occurs  from  the  intestine^  and  that  the 
estinal  lesions  are  points  of  inoculation;  but  there  is  no  comiant 
ationship  between  the  severity  of  the  intestinal  ulceration  and  the 
severity  of  the  symptoms.  Patients  with  extensive  ulceration  are 
sometimes  able  to  attend  to  their  business  until  suddenly  struck  down 
by  perforation  of  the  intestine  or  by  ha?morrhage  from  an  ulcerated 
vessel. 

The  pathology  and  morbid  anatomy  of  typhoid  fever  include  more 
than  the  lesions  of  the  above-mentioned  organs.  First,  there  is  the 
evidence  of  general  poisoning  in  the  shape  of  the  continued  fever, 
which  may  assume  a  septic  type,  and  even  be  accompanied  by  septic 
abscesses,  prolmbly  resulting  from  a  mixed  infection.  Naturally,  in  so 
long  a  fever,  cloudy  sttrUing  (p.  63)  of  organs  is  marked.  Not 
uncommonly,  waxy  degeneration  of  muscle  (p.  ()H)  is  found. 
Endocarditis  is  rare.  Ulceration  of  the  larynx,  especially  about  the 
epiglottis,  is  occasionally  present.  This  may  lead  to  (cdema  of  the 
glottis  or  to  necrcsis  of  tlie  cartilages.     Brvtichitia  is  usual,  and  bmnclio- 
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pneumonia  mav  supervene ;  oedema  of  the  luugs  is 

cases ;  and  lobar-pneumonia  is  a  rather  frecjuedt   ccnapUctttlan  fal 

epidemics 

The  Spleen. — In  the  spleen,  the  cluuxge  rrsemblc*  that 
occurs  ID  many  of  tile  acute  febrile  UUeases,  altluHij^li  it  rradiea  Hi 
maximum  in  typhoid  fever;  but  it  may  be  abaoit,  c^peeUl j  In  ttv 
older  class  of  patients.  The  splenic  tissue  becomes  f  irrfi^^^l; 
vascular;  the  lymphatic  elements  increase  mpldl}'  in  number^  0*  thtf 
the  organ  often  attains  two  or  three  times  its  tuitural  nixe ;  and  ifcr 
capsule  l>ecomes  tenae.  The  consistence  is  fairly  linu  Uurin^  tbc  Cm 
week  ;  but  softening  occurs  in  the  second  or  third.  On  srctmi  lAr 
organ  is  dark  red  and  opaque-looking,  and  the  Malpi^hian  bodies  «t 
often  pnmiineiit  and  enlarged.  Many  of  the  new  elemetit^  air 
supposed  to  enter  the  blcKKl,  and  thus  cause  slight  leucoc^oaia  (pt  WJ^ 
but  the  increase  is  genendly  said  to  be  mainly  of  ihe  mmiii 
leucocytes,  not  of  the  l^mphocytett  or  their  progeny,  Uic 
leucocytes  (p.  "ii)!).  Lju'ge  corpuscles,  containing  normal  or 
red  corpuscles,  may  be  numerous,  and  similar  cctJ»  have  becti  fbud 
the  blfMKl.  As  the  fever  subsides  (fourth  week),  the  hy 
diminishes,  and  many  of  tlie  new  elements  undergo  tlisinteifffatMti 
absoqition  :  thus  the  organ  regains  its  normal  chamrtm  aat 
dimensions. 

The  Intestine. — The  most  characteristic  elumges  in  typtioid 
take  place  in  the  solitary  glands  and   Peyer's  piitches^      In  n»ovt 

the  process  is  limited   to  tbcwr  oi  iW 
'if^.. '  ileum  and  circum  ;  and  thoae 

are  always  ui(»t  afTcrtirfl  whkli 
Mtuatcdncaretttotlie  ilrcv-cvcml 
Tlie  orcum  is  involvct]  in  itdc 
of  the  cases :  ulcers  may  lie  iMiaa*t 
even  in  the  rectum,  bat  in  the  gtt^ 
majority  of  cnars  Xhry  mre  noi  footfi 
Maw  tlie  asccndini;  cxaloa.  It  Iw 
moreover,  uimsua]  to  find  ulccrt  luibo 
th»n  nine  feet  abvr^  the  raire,  M 
tlicy  maif  extend  even  into  the  uff* 
fNirt  of  the  duodenaro. 
The  first  change  observed  is  a  liypcrwmla  and  cell  ^  >n  nf  tte 

glands.     Many  of  the  cells  increase  considt-mlily  in  ,   ^j|i  mg|i 

Duclcated  forms  are  especially  common.      UoUi  IVyer'a  iwlcbra  ^fl 


'4 


anH  Siflitary  Glamtii  tf  tfu  Inteittitf, 
as  aoen  id  typhoid  fever. 


INFLAMMATION  OF  LYMPHATIC  STKL'CTURES. 


479 


tIkAry  glands  thus  become  considerably  enlarged  and  prominent,  and 
stand  up,  as  sharply  circumscribed  areas,  above  the  surface  of  the 
intestine  (Fig.  172).  Sometimes  they  slightly  overlap  the  adjoining 
raucous  membrane,  and  are  surrounded  by  a  hypenemic  zone.  They 
are  of  a  greyish-white  or  pale  red  colour,  and  of  a  soft,  brain-like 
consistence — the  larger  the  size,  the  paler  the  colour.  The  surround- 
ing mucous  membrane  is  also  exceedingly  vascular,  and  is  the  sent  of 
an  acute  general  catarrh,  which  is  most  pronounced  before  the  glands 
swell.  The  cellular  inliltration,  in  many  part.s,  rapidly  extencb  beyond 
the  confines  of  the  glands  into  the  immediately  surrounding  and  sub- 
jacent tissues,  and  in  some  cases  even  iiito  the  muscular  and  serous 
coats.  This  stage  ends  in  the  first  half  of  the  second  week  of  the  disease. 
The  process  now  passes  into  the  second  stage — that  of  tlie  death 
and  disintegration  of  the  newly  formed  tissue.  Many  of  the  enlarged 
j^lands  subside,  the  new  elements  become  fatty  and  are  absorbed,  and 
the  iiiHammation  thus  undergoes   a  gradual  process  of  resolution. 

But  in  other  glands  the  intensity  of  the  virus — possibly  typhotoxine  or 
some  other  bacterial  product  (p.  3f)2) — causes  death  of  the  inflamed 

lymphuid  tissue.     The  necrosed  tissues  then  separate.      If  a  few  scat- 
tered follicles  in  each  patch  have  alone  been 

destroyed,  only  snudl  sloughs  will  be  formed ; 

and  after  the  se])aration  of  thesC;  the   Peyer's 

patches  thus  affected  will  assume  a  peculiar 

reticulated    appearance.       If  on    the   other 

hand,  as  is  most  usual,  the  entire  lymphoid 

mass   is  killed,  this   will   scjwimte  as   one   or 

more  large  sloughs,  and  the  typical  typhoid 

ulcer  will  be  formed  (Fig.  173).     Resolution 

or  necrosis  heginji  during  the  latter  half  of  the 

second  week.     In  tlie  cjlsc  of  necrosis,  the 

slougfis  xcpunUv  towar<ls  the  end  oi  the  third,  or  during  the  beginning 

of  the  fourth    week.     This  is  the  period  of  danger  in  which  either 

severe  haemorrhage,  or  perforation  into  the  |)eritoneal  cavity  may 

take  place. 

Altiiough,  as  already  stated,  the  cell-infiltration  may  extend  beyond 

the  confines  of  the  glands,  this  is  rarely  the  case  with  the  ulceration. 

The  |x-riphernl  infiltration  undcrgi>es  resolution,  and  hence  the   ulcers 

have  the  same  configuraliun  an  the  original  glands — those  originating 
wn  the  patclies  being  oval,  with  their  long  diameters  in  the  direction 

^of  the  gut;  and  those  originating  in  the  solitary  glands  being  spherical 


^ 


Fig.  17^.— a  Typhi  id  Uictr 
vf  the  InteniM, 


480         INFLAMMATION  OF  LYMPHATIC  STRUCTURES 


in  shape,  like  those  from  partial  sloughing  of  a  palcli.       Itx 

when  there  is  much  infiltration  of  the  surrounding  mucous  me 

the  ulceration  may  extend  slightly  beyond  the  confine*  of  die 

An  ulcer  from  a  single  Peyer's  patch  may  be  6ve  inches  lotif( ;  mmI  tbe 

blending  of  ulcerated  jmtchfs  and  follicles  in    the    nci|^buoflM>d  ^d 

tlie  ileo-caiH;al  valve^  may  atl'ect  s<i  Large  an  area,  tliat    tiu«  piirt  d  tke 

intestine  may  seem  to  have  lost  almost  all  it^  mucous  memfarvacL 

With  the  sloughing  and  disintegration  of  the  new  l\      ■        'c  prooea 
of  infiltration  ceases,  and  hence  there  is  no  induratioit  ^cakMgti 

the  base  or  edges  of  the  ulcer.     The  base  is  siDooth^  Mid 
formed  of   the   subnmcous  or  nuibcular  coat  of  the    intestine. 
edges  arc  usually  thin  and  undermined,  and  consi&t  of  a  wcU- 
fringe  of  congested  mucous  membrane  (Fig.  I7i).     This  i%  be<t 
when  the  gut  is  floated  in  water.      In  M3ine  cases,  cspccialljr 


^I^^^^ 


Fig.  174.-^4  Typhoid  VUer  of  ike  inUstime  (diagrammttUit\.  SbowH^ 
(ht  undcnnmcd  txlgea  of  Die  ulcer  and  Ibe  sloti([b  ttUi  jkOicvmic 
«.  Llpithclial  lining,  t.  Subroacont  tunie.  r.  Miacniar 
d.  Ptfitoocum. 


there  is  surrounding  infiltration,  Uie  edges  Are  firm  and  tlUck.  b 
others,  sgidn,  the  .slougliing  is  dee|H<r,  and  extends  tiimugb  the  turn- 
cular  layer  tu  the  periloncuiu.  This  may  cither  sluu^ti  or  give  wif 
under  some  muscular  effort^  either  of  the  bowel,  when  »timul«t«d  bj 
improper  food,  or  of  the  abdominal  muscles,  when  the  p«tieal  ift 
allowed  U>  use  them  strongly.  The  (H'rfaratiuu  U  ^ner&Ily  %taA. 
As  a  rule  diffuse  peritonitis  (pundcnt)  results:  rarely,  adhnioMft  Cdib 
and  localise  the  inflammation.  Peritonitis  may  aUo  occur  by 
extension  from  the  gut,  from  an  inflamed  gland,  or  from  «  : 
mfaeceas.  Hieniorrhagc  may  occur  from  any  vivncl  dividctl  liurtoK  *^ 
sepaxAtion  of  the  slough.  It  is  due  either  tu  insufbcirnt  plu^Bu  b* 
thrombosis  or  to  mechanical  displacement  of  the  tlironibu*  ■^■w '  ft 
is  formed. 

The  third  stage  of  the  process  is  Uiat  of  cicatrisatioQ,  which  maaOy 
begin.s  in  the  fourth  week.     This  takes  place  by  the  rraolution  of  t^ 
peripheral    infiltration,  the  appn>xiination   and   uuiun    of    the   uadcf^ 
mined  edges  witli  the  floor  of  the  ulcer,  and  tlie  gradual  fomiAtioo  fiv 
the   margin    oi  an    epitlielial    covering.     I'he   gUnd-ttrurtare  ia 
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regenerated.  The  resulting  cicatrix  is  slightly  depressed  and  less 
vascular  than  the  surrounding;  mucous  membrane.  It  is  pigmented 
either  unifonnly,  or  only  round  the  margin.  There  is  no  puckering 
or  diminution  in  the  calibre  of  the  gut.  In  some  cases,  however, 
cicatrisation  does  not  take  plnce  so  readily,  and  the  floor  of  the  ulcer 
becomes  the  seat  of  a  secondary  ulceration.  This  may  take  place 
after  the  general  disease  has  run  its  course,  or  during  a  relapse. 
Profuse  htpmorrhiige  and  perforation  more  commonly  result  from  the 
secondary  ulceration  than  from  the  primary  sloughing  of  the  glands. 
Only  one  ulcer  may  be  aiFected  by  this  secondary  process,  the  rest 
having  either  healed  or  being  in  a  fair  way  to  become  so. 

Comparison  between  Typhoid  and  Tubercxdar  Ulcera- 
ticm. — From  the  foregoing  descriptions  of  typlioid  and  tubercular 
(p.  108)  ulceration  of  the  intestine,  it  will  be  noted  that  tliese  two 
conditions  have  one  important  character  in  common — viz.,  the  uni- 
formity with  which  both  arise  in  the  lymphoid  tissue.  Hence  in  lx>th 
cases  the  ulcers  are  most  marked  in  the  ileum  opposite  the  mesenteric 
attachment,  and  may  be  limited  to  the  Peyer's  {wtches  and  the 
solitary  glands.  There  are,  however,  two  characters  possessed  by 
tubercular  ulcers  which  generally  suffice  to  distinguish  them  from 
typhoid  ulcers.  The  first  is  the  much  greater  tendency  of  tubercle 
to  spread  by  means  of  the  vessels,  and  the  second  is  tl»e  presence  of 
outlying  tubercles  which  invariably  precede  the  advance  of  the  ulcera- 
tion. Thus,  tlie  typhoid  ulcer,  renmining  limited  to  Peyer's  patches, 
has  its  long  axis  fxiraUcl  to  that  of  the  intestine.  On  the  other  hand, 
the  tubercular  ulcer,  often  spreading  transversely  with  the  vessels 
before  it  has  involved  more  than  hidf  the  patch,  has  its  long  axis  at 
right  angirs  to  that  of  the  intestine,  round  which  it  may  form  a  band. 
Again,  as  tlie  slough  sejMirates,  the  floor  of  the  tji>hoid  ulcer  tends  to 
become  cleaner  and  smoother,  and  its  edges  thinner  and  more  under- 
mined. On  the  other  hand,  the  floor,  base,  edges,  and  adjacent  peri- 
toneum are,  in  the  case  of  the  tubercular  ulcer,  always  thick  and 
irregular  from  the  presence  of  developing  and  dcgcneniting  tubercles. 

The  Mesenteric  Glands. — The  change  in  Uie  mesenteric  glands 
is  probably  secondary  to  that  in  the  intestine.  Tliese  glands  become 
the  seat  of  an  acute  cellular  inflltration,  and  are  enlarged,  soft,  and 
^tsculnr.  L'sually,  like  the  spleen  and  many  of  the  glands  in  the 
Btcstine,  they  undergo  a  gradual  process  of  resolution.  In  rare  cases, 
however,  the  capsule  of  the  gland  is  destroyed,  and  the  softened 
matters  may  escape  into  the  peritoneal  cavity  and  so  cause  peritonitis. 

2  u 


482 


INFLAMMATION  OF  MUCOUS  MEBCBftANES. 


that    ia 


The   enlarged  ^aiids  may 
calcified. 

Th.^   Marrow. — Ponfick   has  shown 
marrow  of  bon««,  like   the  splenic  pmip, 
which  may  be  as  many  as  twenty-6Te  red 
and  in  the  convalescent  stage  the  Urge  cells  ooly 


CHAPTER   XWTII. 

INFUVMMATION  OP   MTJCOUS 
MEMBRAPmS. 

Mucous  Membranes. 


Am> 


IxFi.AMWiTtoN*   of  mucous   membranes  are  dirided 
croupoasy  and  diphtheritic. 

CATARRHAL  INFLABIMATION— Thb 

to  iU  intcn!-ity,  b*:  ^c^ous,  mucous,  muco-pundenl,  or  pomlcaL 
cases  begin  with  redness,  slight  swelling,  and  abnoffmal  dvyaCBsf  tkf 
mucous  membrane,  some  tenderness  of  the  part,  perhaps  eva  pnA 
These  changes  are  followed  by  exudation  from  Lbr  surfiwe^  «nd  tW 
i3rmptoms  are  then,  as  a  rule,  relieved.  In  chronic  cases,  the  eariv 
are  less  marked,  the  exudntion  being  usually  the  first  thln^ 
P&H-'morlemj  no  h^'^ierarmja  can  generally  be  found,  and  ti»e  mcfldniBr 
may  look  even  jmler  than  natural  ;  but,  afler  rcpratrd  UsflaiBBMdaB  ^ 
any  Intensity,  more  or  less  dark-grey  pigmentation,  fnacn  cxtxavaaslfd 
blood,  will,  in  most  situations,  bear  evidence  of  the  fonncr  attseb 
(p.  88).  Tliese  appearances  can  be  readily  seen  in  an  inflaased  bladder 
from  a  case  of  stricture  of  the  urethra,  or  enlarged  prostate. 

Serous  Catarrh. — Fre^  serous  effusion  occurs  fWnn  the  resHh 
and  escapes  upon  tlie  surface :  this  is  often  seen  in  the  cariy  sl^Ksf 
colds  in  the  head. 

Mucous  Catarrh  is  characterised  mainly  by  increased  prodsctka 
of  mucus,  which  escapes  with  the  serous  exudstina,  or 
herent  to  the  surface,  as  is  of^en  seen  in  chronic  phafym^tji. 
times  the  sero-mucous  discharge  is  tolerably  clear,  at  others  it  is 
more  or  less  opaque  :  in  tlic  former  case,  only  a  moderate  number  of 
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cell-forms  are  present;  in  the  latter,  many.  Tlie  cells  are  either 
csca|>ed  leucocytes,  or  desqunjiinted  epithelial  elements. 

Pnralent  Catarrh. — If  the  inHammation  be  more  intense,  the 
escape  of  leucocytes  will  be  still  greater ;  and  the  secretion  will  there- 
fore be  purulent.  The  more  closely  the  exudation  resembles  true 
pus,  the  less  mucus  and  desquamated  epithelium  will  it  contain.  An 
intermediate  muco-pamlent  stage  usually  occurs. 

A  section  through  a  mucous  membrnnc  thus  affected  (Fig.  175) 
shows  desquamation  of  the  superficial  epithelial  cells,  which  are 
swollen,  and  often  contain  broods  of  young  cells.  Leucocytes  lie  here 
and  there  between  the  deeper  cells,  in  which  evidence  of  multiplica- 


^^■on  will  be  found.  The  basement  membrane  becomes  cedematous, 
and  tlie  mucosa  is  swollen.  The  swelling  is  at  6rst  mainly  due  to  the 
leucocytes  and  exuded  fluid  ;  later  on,  if  the  process  has  been  suffi- 
ciently prolonged,  to  the  resulting  fibroid  tissue. 

Simultaneously,  all  lymphoid  strudures  in  the  mucous  membrane  are 
affected.  The  lymph-foUicles  swell,  and  their  contents  may  soften 
and  form  minute  abscesses,  which  burst  and  leave  the  small  ulcers 
(follicular)  so  often  seen  in  catarrhal  conditions  of  the  intestines  and 
pharynx.  The  ulceration  in  some  cases  extends  beyond  the  confines 
of  the  follicle.  The  proper  glandular  structures  also  may  become 
involved.  Their  epithelium  multiplies,  and  their  lumen  becomes 
choked  with  the  products.  The  glands  may  subsequently  atrophy: 
this  is  seen  in  catarrh  of  the  stomach. 


Fig.  175. — Catarrhai  In/tammatioH  {^ the  ConjumtHva.  a.  Epithelium. 
b.  Infiltrnted  sub-«pilhelial  connective-tissue.  Showing  the  desqua- 
malion  of  the  epithchum,  and  the  young  elements  within  the 
epithelial  cells.    ( Rindtlcisch.  \ 
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The  acute  process  may  quickly  subUde^  or  it  nuy  bccotac 
In  the  Utter  case  the  hypcromiU  liiruiiushes,  but  tiie  ^'•ypf  of 
cytefl  and  the  multiplication  of  the  epithelial  eleiDetitA  coatinoc  ;  v^ 
the  sub-epithelial  tissue  becomes  more  extensively  infiltnkled  villi 
cells. 

In   the    case   of  the   stomach  and  upper  port   of   tl>e 
Jolticular  ulcen,  unattended  by  any  general  inflammatioti,  may 
and  form  the  "acute  perforating^  ulcers"  which  frequently  nccvr  a 
these  situations.     Tlieir  extension,  in  this  way,  probably   depctid* 
Bome    interference  with    the   local    blood-supjily ;    on    crron    ta 
composition  of  the  blood ;  on  au  in^reaaed  percent]i.ge  of  free  liy<l»^ 
chloric  acid  in  the  gastric  jaicc;    or  on  any  comfaUiatiaii   «f 
factors. 

Chronic  citarrluil  InAammations  of  mucous  membraaea  dtAer 
the  acute,  inasmuch  as  the  glands^  at  first  cnUxged,  otttn 
atrophy,  while  the  sub-epithelial  counective-tiacuc  ia 
more  extensively  intiltratetl  with  small  cells,  which  ultimately  farm  m 
imperfectly  6bnllatcd  structure.  Here  and  there  the  cxintraetkB  d 
tliis  new  tissue  may  lead  to  the  fomution  of  lonall  retcntioo-ef* 
(p.  193).  These  changes  in  the  sub-epithelial  coMieetire* 
usually  accom]>anied  by  enlargement  of  the  lyxnphold 
enlargement  which  sometimes  gives  to  the  menbnuie  a 
granular  appearance.  This  is  well  seen  in  tlie  pharynx  if^Bka^ 
pharyngUiM).  The  ejnlarged  lymphoid  structures  mmy  olccfate,  ^ 
constitute  the  starting-point  of  an  infective  process  (p.  S99).  h 
chronic  catarrh,  the  muscular  and  clastic  tissues,  aItha«Kh  «^ 
distance  from  the  surface,  may  be  so  far  weakened,  that  when  a»> 
Bidcrable  pressure  is  put  upon  them — as  in  the  ctna^  of  chfone 
bronchitis — they  may  give  way,  and  (»ennit  dilatation  ut  the  tubes  tWj 
surround.  In  some  situations,  as  in  the  stomach  and  Intcatinr,  t^ 
membrane  often  becomes  pigmented,  and  the  walls  thinned 

CROX7POUS  AND  DZPHTHX»mC  XXVFLAMX/U 
TION> — These  tenu^  arc  applied  lu  Uiusc  iiiiiauiiuaLiaua  aX  mimiw 
membranes  and  raw  surfaces  which  lead  to  the  pfodt»clkMi  of  a  »* 
c-alled  fftlae  membrane — such  as  is  seen  in  dlphtlicrlA. 
formation  of  this  fibrinous  layer  upon  the  surface  of  the 
quite  characteristic,  and  at  once  distinguishes  this  form  q(  i 
tion  from  a  simple  catarrhal  prooeaa..  On  muooufl  mrfiuic^  ^ 
membrane  may  exist  in  little  patches  or  may  corcr  a  huge  ai«k    llA 
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usually  of  a  yellowish  or  greyish-white  colour,  and  in  consistence 
varies  from  a  fimi  and  tough  to  a  soft  jjultaceous  material :  it  may  be 
deeply  blood-stained.  It  is  more  or  less  easily  separable  from  the 
subjacent  tissue,  and  when  removed,  carries  at  least  the  surface- 
epithelium  with  it.  In  thickness  it  may  vary  considerably  in  different 
parts.  The  two  words — croupous  and  diphtheritic — owe  their  origin 
to  the  belief,  still  held  by  some,  that  there  is  an  idiopathic  membranous 
inflammation  of  the  larynx  (croup)  distinct  from  diphtheria.  The 
adjectives  are  ol\en  used  as  synonymous,  but  many  speak  of  a  mem 
brane  as  crouponi,  when  it  involves  no  more  than  the  epUhelium  of  a 
mucous  membrane,  and  as  diphtheritic,  when  it  involves  the  whole 
mucosa.  These  differences  in  the  depth  of  the  tissue  involved  are 
probably  due  to  variations  in  the  intensity  of  the  process ;  and, 
acccrrding  to  Cohnlieira,  the  process  is  more  likely  to  be  superficial  in 
those  situations  where  a  distinct  basement  membrane  exists — as  in  tlie 
pharynx  and  respiratory  tract — than  in  those  where  this  is  not  the 
case — as  in  the  intestines  and  conjunctiva.  A  false  membrane,  super- 
ficial to  the  basement  membrane,  is  umcb  more  easily  detached  than 
one  which  involves  this  structure. 

Others  limit  the  term  croupous  to  false  membranes  formed  chiefly 
of  coaguUUed  ^fibrin,  whilst  diphtheritic  is  applied  to  thqse  consisting 
of  tissues  which  have  undergone  coagulation-necrosis  (p.  22).  This 
division  renders  "croupous"  equivalent  to  "fibrinous."  It  must  be 
remeuibered,  however,  that  the  two  processes — formation  of  fibrin  and 
coagulation- necrosis  of  cells — are  closely  allied,  and  that  one  may 
succeed  the  other  in  tlie  same  case. 

The  relative  rarity  of  fibrinous  inflammations  of  mucous,  as  compared 
with  serous,  membranes  led  Weigert  to  investigate  the  reason  of  the 
difference.  He  found  that  infiammatory  exudations  from  mucous 
membranes  coagulated  as  soon  as  the  epithelium  was  destroyed,  and 
be  started  the  hypothesis  that  Uving  epithehum,  like  endothelium,' 
prevents  the  formation  of  fibrin. 

Now,  an  injury  which  causes  destruction  of  epithehum  must  be  more 
intense  than  one  which  does  not  ;  and  it  is  likely  that  the  exudation 
in  the  former  case  will  be  more  highly  fibrinous  than  in  the  latter. 
Thus,  in  a  case  of  true  diphtheria,  a  patch  of  epithelium  and  more  or 
less  of  the  subjacent  tissue  are  killed  by  the  irritant,  and  undergo 
coagulation-necrosis ;  and,  if  the  false  membrane  thus  formed  be 
removed,  a  fresh  one  will  appear,  which,  unless  the  destruction  of 
tissue  extends,  can  liardly  consist  of  anytliing  but  coagulated  fibrin. 
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The  two  kinds  of  raexobrane  ditfer  micniooopicttll; 

has  the  appearance  of  **  lyniph  " — a  Dciwork  ti€  fibrin, 

meshes  a  greater  or  less  number  of  leoeocjleSy 

eclU,  and  debris :  it  is  easitj  stripped  oC     The 

is   separated   less  easily,   and,   if  deep,  only   witli    pwt 

Superficially,  it  closely  re&embles   the  doupons 

deeper  parts  consist  of  much  swollen 

the  nuclei  have  disappeared.     In  adraocing  enei^  tlwre  is  no 

between  the  coagulated  and  the  living 

branes  resist  acetic  add  much  longer  than  do  the  sample  fibrtooos 
False  membranes  can  probably  form  upon  any  mucoQS  Htrftee.    IW 

ap|>arent  causes  are  very  %'ahed.     Such  membranes  are  fbiiDii(l)A 

the  tonsils,  larynx,  and  other  parts,  in  true  diphtheria^  or  a*  a  raak  ii 

scalds  and  the    application  of  caustic  chemicals ;    (2)   in   the 
after  parturition  (when  a  complete  cast  may  be  e&^Ucd),  and  la 
most  acute  cystitis;  (3)  in  the  vermiform  appendix,  socnetimei  \ 
the  irritation  of  a  concretion ;   (4)  in  the   lower  part    of   tbc   I 
intestine  Ln  dysentery  ;  and  (5)  in  the  air-tubes  in  plsutlc 
It   may  be  noted  here  that  false   membranes  sometxmct  fboi  < 
granulating  wounds,  and  it  is  held  by  some  that  there   ia  no  real 
tinctlon  between  such  cases  and  those  of  true  diphtheria  of 
and  of  hospital  gangrene.     It  seems  most  probable,  faoweirerj  tJMt 
is  an  R'tiolugical  ditference,  for  false  membrane  on  gTanttlaSioBS 
be  induced  by  merely  blistering  the  surface.  H 

Although   the  a]>ove  facts  show  that  false  mcsnbran^  may  rtsttk  ^ 
from  the  action  of  simple  irritants,  the  great  majohtjr   met   wilh  ■ 
Man  are  due  to  InfectiTe  poisons — e.g.,  diphtheria,  diphtheritic  ■■»'     I 
junctivitis,  epidemic   dysentery — all    highly   coutagioua.       Otkhimm 
are  found  in  almost  all  cases.     The  stiology  of  diphtheria  has  alrca^ 
been  considered  (p.  3ti3). 


Dysentery. 

The  inflammatory  processes  occurring  in  dysentery  are  for  lbs 
part  limited  to  the  large  intestine,  although  the  ileum  is  ala 
ally  involved,  'llie  inflammation  is  always  most  marked  in  the 
end  descending  colon,  and  it  may  be  stated  generally  that  ft 
characterifted  by  ulceration  and  sloughing  of  the  mucous  n&ei 
though  the  inflammation  may  be  mainly  of  the  catarrhal^  cruupans 
suppurative  variety. 
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The  intestinal  changes  vary  eonsiderably,  according  to  the  intensity 
the  inilammatory  process,  lu  the  milder  forms  of  the  disease,  the 
ges  are  most  marked  on  the  summits  of  the  folds  of  the  mucous 
mbrane.  These  are  found  covered  with  a  greyish-white  layer  of 
brino US-looking  material,  whichj  when  scraped  off,  leaves  a  superficial 

s  of  substance.     The  mucous  membrane,  generally,  is   hypencmic 

d  softened.  The  submucous  tissue  also  is  infiltrated  with  inHam- 
tory  products,  and  the  solitary  glands  are  enlarged  and  prominent. 

When  the  process  is  more  severe,  the  submucous  tissue  becomes 
more  extensively  involved  ;  and  the  superficial  layer  of  fibrinous 
material  extends  over  wider  areas,  and  implicates  more  deeply  the 
mucous  membrane.  The  thickening  of  the  intestinal  wall,  however, 
is  much  greater  in  some  parts  than  in  others,  so  that  projections  are 
produced  upon  the  inner  surface  of  the  intestine,  corresixmding  with 
tho«.e  |)arts  which  are  the  most  affected.  The  enlarged  solitary  glands 
usually  slough,  and  so  give  rise  to  circular  ulcers,  which  rapidly 
increase.  When  the  process  has  reached  this  stage,  the  muscular  and 
serous  coots  are  implicated,  the  latter  being  covered  with  layers 
of  fibrin  which  form  adhesions  with  adjacent  parts.  The  intestine 
is  much  dilated,  and  contains  blood  and  disintegrating  inDammatoiy 
products. 

In  the  most  severe  forms  of  the  disease,  the  necrosis  is  more 
extensive.  According  to  Uokitansky,  large  portions  of  the  mucous 
membrane  are  converted  into  black  rotten  sloughs.  The  submucous 
tbisue  is  infiltrated  witli  dark  blood  and  serum,  but  subset^uently  it 
becomes  the  seat  of  a  reactive  suppurative  inflammation,  by  means  of 
which  the  necrosed  portions  of  tissue  are  removed. 

If  death  does  not  occur,  and  if  tlie  inilammatory  process  subsides, 

e  ulcers  may  gradually  heal.  When  the  loss  of  subst-uice  has  not 
been  considerable,  the  edges  of  the  ulcers  may,  by  the  contraction  of 
the  submucous  tissue,  become  completely  approximated.  More  com- 
monly, however,  the  loss  of  substance  is  so  great  that  portions  of  the 
membrane  are  left,  consisting  simply  of  connective-tissue. 

When  the  inflammatory  process  becomes  chronic,  the  changes  in 
the  submucous  connective-tissue  become  more  marked,  and  the  new 
fibroid  growth  gives  rise  to  considerable  thickening  and  induration  of 
the  intestinal  wall,  and  to  more  or  less  contraction  and  narrowing 
of  the  cavity.  Sometimes  it  fonns  fibrous  band.^!,  which  project  into 
gut      Abscesses  and  fistulous  passages  occasionally  occur  in  the 

ckened  intestinal  wail. 
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The  aetiology  of  dysentery  is  unknown.     By  somc^  it  is 
to  the  presence  of  amiBbie  (amufba  coli)  ;  by  others,  to  bactefiiL 

Extensive  ulceration  of  the  colon  is  sometime^  met  witli  «put 
true  dysenterj*.  In  these  cases,  the  internal  surtacc  of  the  colon  h 
made  up  of  sinuous  islets  of  mucous  membranej  with  thickened  Sttb* 
mucous  tissue.  These  islets  are  separated  by  lar^;^  area*  of  cj||wtt»d 
muscular  wall,  from  which  all  trace  of  mucous  mciubrane  has  dis- 
appeared.    Any  solitary  glandsj  present  in  the  islets^  arc  un&ffcctcd. 


Serons  Membraaes, 

Inflammatory  processes  in  serous  membranes  vary  iu  their  bsl 
and  in  the  amount  and  character  of  the  edusion. 

As  in  mucous  membranes,  the  process  commences  with  hypenmuft. 
Exudation,  both  of  Huid  and  of  corpuscles,  into  the  serous  cavity  cjiiicldy 


Fio.  176.— /ff/fjM/«/  £/4//0tN*  if  a  ifoHit    Showiac  rfaangin  in  ifar 
cndoihelium.     x  asa    (CorntI  and  Ranvicr.) 

follows,  witli  proliferation  and  desquamation  of  the  frMWhtrlhl  crlU 
(FiK-  17«). 

In  the  meantime  the  surface  of  the  membrane  has  lost  its  poltdi. 
This  is  due  to  the  presence  of  the  new  ceils  and  «  httlc  fibrin  on  the 
surface.  The  moistening  of  the  surface  with  the  albuuiinuus  emdatJMM 
renders  it  "  greasy."  As  the  inflammation  gucson,  the  surface  becvBO 
opaque,  roughened,  and  cxccrtlingly  vaacular :  it  is  now  covered  with  a 
thick  fibrinous  layer,  w*hilst  mure  or  less  liquid  tmnsude$«  into  its  cavity. 
The  eosgulable  material,  which  exudes  from  the  rcsscUj  forms  a  «^ 
clastic,  membranous,  or  reticulated  investment,  endoKin^  in  its  racslws 
numerous  small  cells.  Sometimes  this  glues  the  two  surfaces  nd 
membrane  together,  collecting  especially  where  pressure  is  le«si— -ris^ 
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the  angles  between  contiguous  coils  of  intestine,  where  the  hypenrmia 
is  also  most  mnrked.  If  the  surfaces  are  separated  by  liquid 
effusion^  the  coagulable  exudation  fomis  a  slightly  adherent  layer 
(Fig.  177).  The  exuded  liquid  varies  considerably  in  nniount,  and  is 
always  turbid,  thus  differing  from  non-inflarnmatory  effusions.  It 
eontftuiB  flakes  and  masses  of  coagulated  fibrin,  and  innumerable  cellSj 
the  latter  being,  in  the  earliest  stages  of  the  process,  almost  entirely 
emigrants. 

The  nature  of  the  subsequent  changes  will  depend  upon  the  intensity 

of  the  inHanimation,  and  upon  the  amount  of  liquid  exuded  into  the 

serous  cavity.     If  the  inflammatory   process  sub(tldi%  and  the  liquid 

;«xuded  is  not  sufficient  to  prevent  Ihe  two  surfaces  of  the  membrane 


Fig.  177. — iHflammalioH  cf  ike  Diaphrvgmaiic  Pietirtt,  Showing  the 
adhervnl  fibrinous  layer,  a.  Mu3cubr  coat  of  diaphragm,  h.  Sub- 
MTOus  tissue,  c.  Serous  nienibrant:.  e.  Kibhnous  layer,  x  400. 
(Rindfltri&ch.) 


from  coming  into  contact,  they  grow  together  and  form  an  adhesion. 
This  constitutes  the  so-called  adhealTe  inflammatioiL  The  union  is 
[effected  by  the  formation  of  connective-tissue  (p.  27(>).  This  is  by  far 
the  moHt  frequent  form  of  inflammation  of  serous  membranes.  The 
irocess  is  precisely  similar  to  tlmt  which  takes  place  in  the  union  o( 
incised  wound.  It  is  probable  also  that,  in  some  cases,  union 
may  take  place,  without  the  intervention  «)f  any  fibrinous  layer,  by  the 
formation  and  growing  together  of  irregular  |>ap)llary  outgrowths  from 
the  sul>-end*)thelial  tissue. 

If,  however,  the  inflammatory  process  is  severe,  or  the  surfaces  of  the 
membrane  are  separated  by  a  large  quantity  of  liquid  effusion,  organ- 
isation and  adhesion  cannot  be  effected.  If  a  large  quantity  of  liquid 
exists  in  the  serous  cavity,  the  removal  of  this  becomes  necessary  before 
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union  can  Uke  place.     If  the  intensity  of  the  irritant   is  cansidenl 
and  its  action  prolonged,  union  is  prevented  by  the  formation  of  paL 
These  two  conditions  must  be  considered  separately. 

1.  The  existence  of  a  large  amount  of  effusion  prevents  appm- 
imation,  and  therefore  atlhcsion,  of  the  serous  surfaces,  and  bcfbfc  ibiB 
can  be  effected,  absoq)tion  of  the  liquid  becomes  ncccnary.  The 
presence  of  the  liquid  itself,  liowever,  interferes  with  its  abaocpUao 
(p.  288).  The  removal  of  some  of  the  liquid  by  artificial  meaaft 
consequently  facilitates  absorption  of  the  remainder.  Wlien  Ihe 
process  is  protracted,  Uie  sub-endothelial  connective-tissue  brcooct 
involved,  and  infiltrated  with  small  cells.  A  richly  vascular  granulatiaD- 
tissuc  is  formed  beneath  the  layer  of  proUfcrating  eiidothcliuin,  which 
gradually  disappears.  As  the  liquid  is  absorbed,  tlie  two  surfaces 
into  contact  and  grow  together  as  in  the  previous  case,  the  nev 
becoming  gradually  obliterated. 

2.  If  the  inflammatory  process  does  not  subfide,  or  if  frcitB' 
commencement  it  is  of  considerable  intensity,  it  may  be  attended  tiy 
the  formation  of  Urge  quantities  of  pus.  In  this  case,  the  exodstkai 
of  blood-corpuscles  is  so  considerable  that  the  young  elements  eski 
in  large  enough  numbers  to  give  to  the  exuded  liquids  a  pnnilcat 
character.  The  condition  is  then  termed  empyenuL  As  tht 
connective-tissue  becomes  involved,  a  granulation-ti&»iuc  ts  fomed; 
and  this  may  continue  to  generate  pus  like  an  ordinary  grmnBlstiBg 
wound.  If  the  pus  be  remuved  and  tlie  cavity  drained,  supporatiaa 
will  gradually  cease,  the  granulation- tissue  develop  into  a  l^ifovi 
structure,  and  the  union  of  the  opposing  surfaces  take  phicc  Jht 
serous  membrane  becomes  greatly  thickened,  and  the  new  titmgt 
undergoes  considerable  contraction  in  the  process  of  its  Of|(fttiisBtM% 
producing  more  or  less  retraction  of  the  chest-wall. 

Calcareous  plaques  of  considerable  size  may  develop  in  an 
parietal  pleura. 
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CHAPTER  XXIX. 
INTLAMMATION  OF  THE  LIVER. 

in    tlic    liver    comprise  — perihepatitiij 


iNrLAMMATOHY       pmOCSSeS 

Abscess,  and  cirrhosis. 


Perihepatitis. 


InHammation  of  the  capsule  of  the  liver,  leading  to  more  or  less 
thiekeningj  and  often  to  adhesions  with  adjacent  }Mirts,  is  met  with 
under  various  circumstances.  Us  most  common  causes  are — the 
chronic  peritonitis  of  Bnglit's  disease,  chronic  alcohoUsmj  and  syphilis. 

[The  changes  are  usually  slight  and  of  but  little  pathological  import 
In  some  cases,  however,  especially  in  cases  of  chronic  peritonitis,  the 

[process  is  more  extensive  and  leads  to  marked  interference  with  the 
functions  of,  ami  circulation  in,  the  liver.  The  whole  capsule  becomes 
considerably   Uiickened  and  gradually  contracts,   thus  causing   com- 

[pression  of  the  organ,  which  assumes  a  globular  form.  The  portal 
circulation  is  often  interfered  with  by  the  squeezing  process,  and 
ascites,  with  other  symptoms  of  portal  obstruction,  may  result.  Tlic 
liver  itself,  with  the  exception  of  some  atrophy  and  fatty  degeneration 
of  its  cells,  may  show  no  changes ;  but  sometimes  it  is  intersected, 
and  even  divided  into  lobe-like  masses,  by  bands  of  fibrous  tissue  {}ass- 
ing  inwards  from  the  capsule.  This  suggests  syphilis  as  the  cause 
(p.  434). 

Hepatic  Abscess. 

Acute  inflammation  of  the  liver  leads  to  the  formation  of 
abscess.  The  abscess  may  be  single  or  multiple.  Hie  latter  are 
usually  small,  but  a  solitary  abscess  may  attain  an  enormous  size. 

Multiple  abscesses  are  most  frequently  due  to  pyaemia,  or  to  some 
inflammatory  lesion  in  connection  wilh  the  portal  system — such  as 
dysentery.  In  these  cases,  the  abscesses  are  due  to  infective  embolism 
of  branches  of  the  portal  vein.  External  violence  and  inflammation 
of  the  bile-ducts  from  gall-stones^  are  other  causes  of  suppurative 
bepatitis. 

The  solitary  or  tropical  abscess  is  supposed  by  many  to  be 
secondary  to  some  inflammation  of  the  portal  viscera.     It  is  known  to 
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be  often  associated  with  dysentery.  It  is  thought  by  many  to  be  il»e 
to  a  primary  hepatitis,  excited  by  some  unknown  irritant,  and  doobC- 
less  cases  oflen  occur  in  which  no  intestinal  ulcer  or  oOier  obrlom 
cause  is  discoverable.  The  patliolog}'  of  this  disease  ii^  at  pCTMAi, 
obscure. 

CirrhoBis  of  the  lurer. 

Chronic  inflammation  of  the  liver  constitutes  the  conditkai 
known  as  Cirrhoiis.  This  is  characterised  by  a  gradual  IncraaE  fa 
the  connective-tissue  of  the  organ,  and  by  the  subsequent  atrophy  of 


.t<' 


FlO.  178. — Cirrhitsii  <^  tkt  /.c<«r.— Showing  lt«  frowth  of 

tl»uc  bctwccD  the  twpatlc  lobules^    n.  LoUilea.    A.  Newgro«tkof 

intcrlubular  conncctive-iismc.     x  16. 


the  liver-cells,  so  that,  when  examined  witli  a  tow  magnifying 

the   lobules  are   seen   to   be   separated   by   new  intcntitial   growth 

(Fig.  178). 


raitioa  tf  *J1 


HISTOLOGY.— The  process,  like  that  of  chronic 
in   other  organs,  consists  essentially   in   a  cellular  infiltralioa 
interlobular   connective-tissue    of  the    liver,  and    in    the 
development  of  a  more  or  \ir^%  highly  organised  fdimid  xtrurture — the 
number  of  cells  being  prop4)rtionate  to  the  activity  of  the 
The  new  tissue   is  supplied   with  new   blood-veisela»  derived 
branches  of  the  hepatic  artery.  J 

In  addition  to  this  cellular  infiltration  of  the  intrrk>bular  cottoecthre-V 
tissue,  a  proliferation  of  the  bile-ducts  is  supixised  to  occur  Ircqucntly 
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in  ftomc  fonns  of  cirrhosis.  Churcot  believed  that  in  these  cases 
there  existed  some  obstruction  of  the  ducts — the  so-called  "  Oiliary 
Cirrhosis."  Other  observers,  however,  state  Uiat  the  columns  of 
cubical  cells,  or  so-called  new  duets,  are  met  with  under  such  various 
circumstances  that  their  existence  is  of  no  value  as  an  indication  of 
the  cause  (p.  49^).  Goodhart  doubts  the  formation  of  new  ducts,  and 
thinks  the  old  ones  simply  become  more  conspicuous  owing  to  the 
atrophy  of  the  liver-cells,* 

The   liver-cells   are   stated   by   many  to   undergo   active    changes, 
and  to  contribute  to  the  formation  of  the  "new  ducts,"  and  even  of 


^- 


Fro.  179. — Cirrhoiis  t/  ihc  Liier,  A  ihin  section  from  the  external  por- 
tion of  one  of  the  hepatic  lobules.  Showing  the  new  growth  of 
connective-li£su«,  and  the  way  in  which  it  involves  (lie  intercellular 
network  and  causes  atrophy  of  the  Hver-cells.     x  200, 

the  cicatricial-tissue  (Hamilton).  They  are  in  most  cases  infiltrated 
with  fat — fatty  infiltration  being  associated  with  the  cirrhosis 
(Fig.  180). 

The  genera]  distribution  of  the  new  tissue  is  described  by  Charcot 
as— multilobular,  unilobular,  and  intercellular.  In  the  multi- 
lobular fornij  groups  of  lobules  arc  surrounded  ;  in  the  unilobular, 
each  lobule ;  and  in  the  intercellular,  the  growth  invades  the  inter- 
cellular network.  These  several  modes  of  distribution  are  frequently 
associated,  all  perhH|»fi  being  found  in  different  parts  of  the  same 
organ ;  and  although  supposed  by  Charcot  to  indicate  a*tiological 
varieties,  the  differences  arc  pralv»bly  to  be  ascribed  rather  to  differ- 
ences in  the  site  of  the  irritant.     This  may  be  conveyed  mainly  in  the 

*  The  subject  is  ably  discussed  by  Dr.  Gcx>dhart  10  his  "  Riisum^  of  Diseases  of 
the  Uver."  Nevt  Sydenham  Soc,  AUas  of  Paik.,  Fas.  iv. 
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brunches  of  Ihe  porUl   vein,  the   radicles  of  the  bilc-dncts,  nr 
ramifications  of  the  hepatic  artery, 

The  effect  of  the  new  growth  is  uUimntcly  tn  ciiiisr  ntroph\  m  \at 
hepatic  cells,  and  to  obstruct  the  circulation  through  the  pnrti 
capillaries  and  the  passage  of  bile  through  tlie  bilr-<luct«.  71>e  firvt  ti 
these  effects  is  generally  more  marked  than  the  second.  The  bknd- 
pressure  in  the  portal  vein  rises,  and  after  a  time  aacitca  foUowa^  TW 
pressure  is  materially  increased  by  the  process  of  conlraiCtion 


Fia.  i8a— Z/vvr.— Orrhods  wiih  fatty  infiltration. 


tUOtotA^ 


the  now  tissue  undergoes.     The  hepatic  cells  in  the  outer  xone  of  the 
lobules  are  the  first  to  atrophy.    The  celN  shrivel,  or  1- 
with  fat  (Fig.  180),  and  ultimately  are  completely  de^i 
Tliose  in  the  central  parts  of  the  lobule  are  in  the  earlier  stugea  biU 
little   altered,  although    tliey  are   often   stained   with   bile.     As   iht- 
growth    extends,   however,   these  also   became   annihilated,  and    tW 
whole  lobule  may  be  replaced  by  connective-tissue,     'llic  Atrophy  ol 
the  cells  may  depend  partly  on  the  direct  pressure  of  the  new 
and  partly  on  the  indirect  effect  by  which  tliis  cuts  off  their 
nipply. 
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PHYSICAI.  CHARACTERS.— The  physical  characters  of 
the  c'irrhosed  liver  vary,  In  the  earlier  stages  of  the  disease,  the 
or^an  is  probably  always  more  or  less  incxeased  in  size  ;  the  enlarge- 
ment l>einf7  almost  uniform,  and  the  edge  rounded  and  thickened. 
This  enlargement  very  often  exists  up  to  the  end  of  the  disease,  but, 
in  many  cases,  the  atrophy  of  the  liver-cells  and  the  contraction  of 
the  new  tissue  lead  to  considerable  diminution  in  size.  The  i^urface 
of  the  organ  is  usually  more  or  less  irregular,  sometimes  "  hubnaiJed ;  " 
the  extent  of  the  irregidarity  de|>ending  upon  the  distribution  of  the 
new  tissue  and  the  amount  of  atrophy  that  has  taken  place.  Multi- 
lobular distribution,  as  compared  with  unilobular,  leads  to  less  enlarge- 
ment of  the  liver,  but  to  much  greater  unevenness  of  the  surface.  The 
consistence  of  the  organ  is  always  more  or  less  increased,  although  in 
some  cases,  where  the  process  is  very  rapid,  the  increase  is  so  slight  as 
easily  to  escape  observation.  Both  irregularity  of  surface  and  in- 
duration are  usually  most  marked  along  the  anterior  e<lgc,  especially 
of  the  left  lobe.  On  section,  the  new  tissue  surrounding  the  lobules, 
and  in  many  parts  completely  replacing  them,  is  often  visible  to  the 
naked  eye.  This  gives  to  the  cut-surface  a  mottled  granular  a{>pcar- 
ce,  the  lobules  themselves  contrasting  witli  the  new  interlobular 
sue,  and  appearing  as  yellow  foci  in  a  pink  network.  The  capsule 
may  be  thickened,  and  the  organ  is  frequently  stained  with  bile. 

The  great  increase  in  tlie  size  of  the  liver,  which  exists  in  some 
cases,  is  due  in  part  to  the  fatty  infiltration  of  the  liver-cells*  (Fig. 
180).  In  those  cases,  in  which  the  process  is  rapid,  and  the  new 
growth  consequently  very  general  in  its  distribution — unilobular  and 
often  intercellular — the  organ  is  usually  large;  death  probably  suj>er- 
vcning  before  time  has  been  allowed  for  much  atropliy  and  contraction 
to  take  place.  Some  of  the  large  livers  arc  supposed  to  be  due  to 
"  biliary  "  cirrhosis,  to  wiiich  reference  has  already  been  made  (p.  493). 


f  TIOI'OG'V* — The  cause  of  cirrhosis  of  the  liver  is  alcohoL  With 
the  exception  of  syphilis,  no  other  cause  can  be  regarded  as  proven. 
The  question  of  a  biliary  cirrhosis  must  at  j)resent  remain  an  open  one. 
Cirrhosis  from  syphilis  has  already  been  described  (p.  382).  In  the 
congenitAl  form,  the  process  is  often  so  general  in  its  distribution,  as 
closely  to  resemble  some  cases  of  acute  alcoholic  cirrhosis. 

It  is  important  to  remember  clinically  that  cirrhosis  not  only 
obstructs  the  portal  circulation,  tlius  giving  rise  to  ascites,  hcematc- 
mcsis,  diarrhoea,  enlargement  of  the   spleen,  and   haemorrhoids,  but 


496 


INFLAMMATION  OF  THE  KIDNEY. 


that,  owing  to  the  destructjon  of  the  liver-celU,  the  funrUons  of  tbc 
organ  are  so  much  impaired  that  marked  interference  with  giiuuri 

nutrition   results.     Juundicc  is   usually  slight,   probably   fir fmnm    tlw 
bile-ducts  are  not  obstructed  at  various  ]x>ints  in  their  coutm*.  bait 
pretty  uniformly  compressed  from  their  origin  onwards. 


1 


Acate  Yellow  Atrophy. 

This  rare  disease  of  the  liver  is  cliaracterised  by  a  rapiil 
in  the  size  of  the  organ,  accompanied  by  destruction  of  the 
cells,  and  is  oflen  associate<l  with  pregnancy.  Tlie  liver  may.  In  the 
courtie  of  a  few  days,  be  reduced  to  less  than  lulf  ita  naturml  b«£k. 
being  especially  diminished  in  thickness.  Jt  b  ftof^  and  flAfalijr  m 
eunsistence,  bloodless,  and  of  a  dull  yellow  or  ycllowiab-red  calm 
The  lobules  are  indistinguishable.  Whea  examined  intcro«co|i<wJly, 
most  of  tlie  liver-cells  are  found  to  be  completely  dcstfojrcd,  be«tt|t 
replnced  by  granular  debris,  fat-granules,  and  pigment.  Xfrotin  aid 
Icucin  have  been  found  in  the  disintegrated  liver-tiasac.  Hnwiwd 
tube-like  collections  of  cubical  cells,  suggestive  of  bHr-ducti,  mt 
frequently  seen  among  the  surviving  htroina  (p.  -H)^).  The  patbolop 
of  this  disease  is  exceedingly  obscure,  Ry  some  it  hafl  been  r^pwkJ 
as  a  passive  degeneration,  by  others  as  an  acute  infrrtive  inflAmsmtfan. 
Micrococci  have  been  found  in  the  organ,  in  early  stngca  of  the 
by  Dreschfeld  and  others. 


CHAPTEU   XXX. 
INFLAMMATION  OF  THE  KIDHnEnr. 


Inklammatouv    processes   in    the    kidnc-y    present    certain    variatiaai 
accortUng  to  their  intensity.    They  cofnpri\c  suppurtitii^,  ftarmckymtiUm 
and  tnierstitial  nephritic.     Of  these,  suppuratiTe  nrphriti»  U  an  In- 
tense inHammation  leading  to  the  fonuutii>n  of  abftCeiM  ;  and  «]l 
this  form  of  iiiHaniniation  xs  practically  limited  to  the  Intcntilia] 
the  term  **  interstitial  nephritis "  is   generally   rtacrved   tor 
processes.     Parenchym&totu  nephritis  is  an  inflAmmatioo  uf 
siderablc   intensity,    involving  gUmicruli    and    tulmic*.     lal 
nephritis  ia  the  name  applied  to  a  chronic  proceas  in  which  atnifAj 
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probably  plays  a  more  important  part  than  inHamniation.  As  in 
chronic  inHanunatious  of  other  organs,  the  principal  structural  changes 
tftke  place  in  the  connective-tissue  around  the  bloocl-vessels — i.e.,  in 
the  intertubular  connective-tissue  (p.  27*)).  It  must,  however,  be 
distinctly  borne  in  mind  that  the  histological  changes  in  the  tubes 
and  in  the  intertubular  connective-tissue  are  very  constantiy  azsocialed. 
Pareuchymatuus  and  interstitial  nephritis  cannot  therefore  be  separated 
from  one  another  by  any  difitinct  line  of  demarcation. 

SttppuratiTe  NephritiB. 

enal  abscesses  result  from  the  transmission  of  infective  particles 
from  sonic  i)riiii;ir)'  focus.  They  may  occur  as  one  of  the  lesions  in 
ptfttmia,  or  they  may  be  associated  with  some  inflammatory  conditiom  of 
the  lonvr  urinarif  passages.  In  pyicniia,  the  infective  particles  are  trans- 
mitted by  the  blood-vessels.  In  the  other  cases,  they  reach  the 
kidney  by  direct  extension  from  the  lower  urinary'  jiassages.  The 
tatter  condition  forms  one  of  the  varieties  of  tlie  so-called  "  Surgical 
Kitlney." 

The  abscesses  met  with  in  the  kidney,  as  the  result  of  pya-mia,  are 

nfined  principally  to  the  cortex,  and  resemble  pya'mic  abscesses  in 

er  organs.     They  are   usually  multiple,  and  are  often  surroimded 

a  thin  zone  of  red   hypeneraic  tissue.      Their  size  varies  from  a 

re  (toint  to  that  of  a  filL>ert.      These  characters  have  been  already 

ribed  (j).  446). 

SURGICAIj  KIDN£Y.— This  is  the  name  commonly  given 
to   those    iiiHammatury   conditions    of    the  kidney    which  result  from 

itructive  and  inflammatory  diseases  of  the  lower  urinary  passjigcs. 

icy  occur  in  association  with  renal  and  vesical  calculus,  obstructed 
Tiretcr,  urethral  stricture,  and  enlargement  of  the  prostate.  These, 
and  similar  conditions,  may  act  u))on  the  kidneys  in  three  ways  ;* — 

1.  Bif  oltJtiructing  the  uutjiow  oj  urine  from  the  pehis  of  the  kidneif. 
Actual  regurgitation  from  the  bladder  into  the  ureter  is  unknown. 
When  the  flow  of  urine  from  the  ureter  into  the  bladder  is  prevented 
by  any  fonn  of  obstruction,  the  full  force  of  secretion,  aided  by  gravity, 

;ms  to  expend  itself  in  dilating  and  irritating  the  ureter,  the  pelvis. 

The  views  here  expressed  are  in  accordance  with  the  leaching  of  Marcus  Beck. 
lephnus  and  Pyelitis  consecutive  to  Affections  of  the  Lower  Urinary  Tract."  HtynoUli* 
tm  ofMeduuu,  voL  r. 
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and  the  pyramids,  and^  finally,  the  tubules  evm  to  tfaeii 

When  the  obstruction  to  the  outflow  is  confined  to  umr  kidney*  iliBt 

organ  is  alone  affected. 

2.  Bt^  producing  rtJUx  changes  in  the  circulai'um  through  the  UtAatf.  A 
close  relationship  seems  to  exist  between  the  deeper  portiooa  iii 
the  urethra,  the  prostate  and  the  trigone,  on  the  one  hand,  and  Xkc 
kidneys,  on  the  other.  An  intense  hyperu>niia  due  to  irritatiaa  flf 
the  nervt^  of  these  |>artSj  as  in  some  operations,  nuy  in  rxteorivtiy 
diseased  organs  lead  to  arrest  of  tlic  circulation  and  death  fttan  Htf^ 
pression  of  urine. 

5.  liy  txltitsinn  of  drcomjyiuntion  fmm  the  bladder  to  tAe  Odmeyt,  awl 
irritation  of  tlie  latter  by  septic  products.  As  rcgurgitAtioa  doc*  iwt 
occur,  decomposition  often  remains  limited  to  the  bladder.  U'Wn 
extension  occurs>  it  is  probably  due  to  the  presence  of  fopj  wmtrng 
tying  as  a  cord  in  tlie  opening  of  the  ureter,  when  this  haa  bft-if 
inHainod  from  other  causes.  Such  mucus  acta  as  a  i  iiltim  gwMl 
along  which  organisms  can  grow. 

l^e  morbid  changes  in  the  kidney  vary  from  the  most  dmne 
priKluctive  inHamniatiun,  to  an  acute  suppurative  pnicess. 

Simple  long-continued  increase  of  urinary  prcxmrr,  rcavltiag  ftm 
ftorac  obstruction  to  the  flow  of  urine,  gives  rise  to  chnmic  icaal 
changes,  which  arc  characterised  mainly  by  more  or  lev  orOaUr 
infiltration  of  the  intertubular  connective-tissue,  and  atrophjT  of  tfe 
tubular  e))itheliuin  (p.  505).  This  celhilnr  inHltration,  wbidi  is 
exceedingly  irregular  in  its  distribution,  occurs  both  in  the  f ij i muihk 
and  cortex.  The  tubules  are  in  some  parts  found  blocked  with  epttW 
lium,  whilst  in  others  thry  are  wasted  or  obliterated.  The  walls  of  tks 
small  arteries  are  not  thickened.  Owing  to  thr«c  change*,  the  kidocjo 
are  somewhat  enlarged,  the  capsule  is  slightly  adliermt,  the  a^ 
surface  is  paler  than  natural,  and  the  conslsteuce  of  the  orgaas  ai 
abnormally  tough.  As  the  process  advances,  the  pyramidal  jwjitii 
gradually  become  absorbed,  the  absnrjUion  commencing  at  the  pa{ittr 
and  extending,  until  ultimately  not  only  the  pyramids  but 
thickened  cortex  may  disappear,  and  Uic  kidney  l»c  converted 
large  cyst  divided  into  saceuli  by  fibrous  septa.  If,  cm  the  nthrr 
the  urinary  obstruction  be  removed,  the  processes  of  bdhsni 
and  absorption  may  cease,  and  the  indurated  kidney  will  then 
contracted. 

In  other  cases,  when  the  urinary  obstruction  U  WMOdatcd  ivllk 
inflammation  of  the  lower  urinary  passages,  the  prciccw  la 
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acute,  tlte  cellular  iiitiltratiun  of  the  intertubular  tissue  is  much  more 
abundunt,  and,  in   certain   situations,   leucocytes  accumulate   in    such 


..:-.^h-^mmm 
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FU3.  tSi. — Surgical  Kidney,  At  the  lower  part  of  the  figure  is  seen  the 
cellular  JnAltrniion  of  the  intertubular  tissue,  and  the  blocking  of  the 
lubes  with  epithelium  and  leucocytes.  At  ihe  upper  part,  there  is 
the  commencing  fornuiiioa  of  an  abscess,     x  loa    (Boyd.) 


I^Tr^-S 


Kia  iZ-2,— Surgical  fCidnry.  Showing  crowds  of  micrococci  ascending 
along  the  tubules.  .Almost  all  nuclei  in  their  vicinity  have  dis- 
appeared. They  seera  to  have  caused  coagulativc  acciosls  of  the 
Ussties.      X  about  90^     ( Boyd, ) 


uumbers,  as  to  give  rise  to  abscesses  (Fig.  181).  The  cortex  of  such 
kidney  is  thickened,  soft,  and  pale  as  comjwired  with  the  deep  red 
Taioids  j  its  consistence,  however,   will   vary  with   the  presence  or 
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absence  of  chronic  interstitial  changes.  The  capsule  strips 
tearing  the  stib^tnncc  a  little,  and  exposing  on  the  suHlscc  groMp  1/ 
yellow  spots.  These  yellow  dots  are  never  larger  than  a  lentil ;  emA 
is  surrounded  by  a  red  zone^  and  many  o(  them  contain  a  cln>f>  of  pii&._ 
On  section,  yellow  streaks  are  oRen  seen  extending  from  tlicAu] 
lesions  into  the  cortex  ;  others  exist  in  the  pyramids.  The  pdi 
geiiemlly  intensely  InflanietL 

Klebs  found  many  of  the  convoluted  tu1>es  cmmmed  with  raicrBraeil 
These  seem  to  ascend  from  the  |>elvis  along  the  tubes,  diytmdlBf 
them,  and  setting  up  irritative  and  degenerative  proce^M^  aloci|(  llirk 
line  of  pa5sage.  When  stained  with  an  aiuliue  dye,  the  appcftraiHV 
shown  in  Fig.  182  is  seen.  it  is  extremely  pri>bHl>lc  that  tiboc 
organisms  are  the  cause  of  the  supjmration.  The  urine  in  tlic  prlri«  uf 
such  kidneys  is  usually,  but  not  always,  septic. 


Parenchymfttoos  Nephritis. 
nephritis    may    be    acute    or   cArtUMr, 


primary  S^^^ 


rarenchymatous 
secondary. 

The  primary  variety  comprises  the  common  fumta  of  acute 
chronic    Rright's   disease — forms   cliaractc Hfced   by    a   dUtinrK 
scanty    and    highly    albuminoits    urine,   and    dropsy.       In    Ua 
advanced   stages,  it  ifr  the    large  white    kidney  of   Hright's 
These  varieties  arc  termed  pritnartf  because  their  exact 
unknown. 

The  secondary  forms  of  parenchymatous  nephritis  ttctar 
phcations  of  infective  diseases,  e8|>ecially  scarlattna.      In  |>c>exinH«ii^ 
and  some  other  diseases,  the  organism  associated  with    the   prim" 
condition  lias  been  found  in  the  inflamed  kidney;  aud  the  nephritis 
in  these  cases,  supposed  to  be  due  to  the  action  of  the  urganisnia 
tlieir  products. 

The  parts  in  which  changes  have  been  obscned  are:  (I)  tkr 
glomeruh;  (2)  the  convoluted  tubes;  (:(}  the  snuil  arteries;  and  (4) 
the  intcrtubular  tissue. 

In  the  moxt  acute  coki  of  primary  liright's  disease — thncr 
occur  suddenly,  as  ai\er  ex|K>sure  to  cold^ — i oscular  dilataliam  u  1 
In  these  cases,  the  contraction  of  the  cutajieous  vessels  and  the  el 
to  the  function  of  the  skin,  can<tcd  by  the  chilling  of  the  surlacr, 
to  conhidcniblc  hy|K-ra*mia  of  the  organs,     'i  hcrr  i*  almndant  ex 
lion  into  tlic  tubes ;  at  the  same  time,  many  of  the  capillaries 
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the  Mnlpi^liian  tufts,  rupture^  so  that  there  is  also  an  escape  of  blood- 
corpuscles  and  of  liquor  san^inis  into  the  ImIws  of  the  cortex — hence 
the  blood  and  "blood-cnsts  "  in  the  urine  which  are  so  characteristic 
of  the  early  stages  of  the  most  acute  forms  of  the  disease.  In  the 
kidneys  of  persons  dying  at  this  stage,  large  numbers  of  red  corpuscles 
may  be  seen  in  the  Malpighiaii  bodies  pushing  to  one  side  the  vascular 
tufts;  and  in  the  tubes,  which  may  be  consequently  distended.  At 
this  stage,  the  process  may  quickly  subside,  and,  with  the  exception 


Fig,  183. — Tu$al  Nephritis.  The  earlier  sUge  of  the  process.  Show- 
iDf^  Ihe  swelling  of  the  tubular  epithelium,  and  some  exudation- 
products  in  tlie  urine-tubes.  In  some  of  the  tubes  ihe  epithelium 
hu  fallen  out  during  ihe  preparation  of  the  section,     x  aoo. 

mie  swelling  and  desquamation  of  the  tubular  epithelium,  no 
further  alterations  tJike  jdace  in  the  kidney. 

In  thr  Usu  nctth'  caxex — those  known  as  subacute  Bright's  disease  with 
large  kidney — the  vascular  phenomena  are  less  marked^  and  the 
vhfiitgfs  in  the  titbular  epiiheliutn  arc  mnrr  prominvnL  The  epithelial 
iements  undergo  cloudy  swelling  (p.  fi.'J),  (Fig.  183).  Many  small 
lis  are  seen  partially  filling  up  the  tubes.  These  are  supposed  to  be 
mainly  the  products  of  epithelial  prolifcrab'on^  though  some  of  them 
arc  in  all  probability  leucocytes  escaped  from  the  vessels  (p.  483), 
Owing  to  tliese  changes,  the  tubes  become  distended  with  cellular 
Slements  (Fig.  1H4).  A  varj'ing  number  of  new  cells  arc  also  found 
LUind  the  Malpighion  tuf\s  (p.  504). 
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In  addition  to  the  cell-formB, 


cyli 


innny 
com 


if  the  tut>e4  Ala*  contain 


monly 


r^9 

9  ci 


rcgnracd  «s  « 

coagulated  exudation.     By  many  patholojjist^,  Imwcvcr, 

matenal  is  buppoited  to  be  the  product  of  n  mucoid   or   Kvme 

metamorphosis  of  the  epithelium.     The  cell-forms  contiUned  irillria 

the  tubes  adhere  to  th(s  hyaline  sabstaDoe,  tmk 

some  of  them  are  wa&hed  away  and  m\ 

the  urine  as  "epithelial  casts." 

The  alterations  which  these  changes 
in  the  naked-tye  characters  of  the  kidncji 
according  to  the  extent  of  the  hypenemia.  Tlie 
organs  arc  always  considerably  JDcreaacd  ta 
size,  and  more  or  less  abnormally  vaacolar.  TW 
capsule  separates  readily,  cx^xising  a  perfectly 
smooth  but  vascular  surface.  The  con%t»tctire 
is  diminished,  the  tissue  breaking  with  a  mA, 
friable  fracture.  On  section,  the  increaae  la 
the  size  of  the  organ  is  item  to  lie  {iriiieipaBy 
due  to  the  increased  thicknei«  of  the  mrtri. 
This  is  either  of  a  rcddi^h-browD,  or  «>f  aa 
opaque-white  or  pale  buff  colour :  theae  dife* 
cnces  depend  u}K)n  the  relative  propoctta  «f 
blood  and  of  accumulated  intratubular  elements.  Altliougfa  fai  the 
earliest  stage  of  the  most  acute  forms  of  the  disease,  the  coloor  k 
redder  than  natural^  it  soon  becomes  pale  and  opaque.  Thk  is  amki§ 
to  the  swelhng  of  the  epithelial  elements  and  to  the  aecumulatina  vf 
cells  in  the  cortical  tubes.  The  blood  bccoinca  cxprcned  ftooi  the 
intertubular  vessels,  and  hence  the  increased  vascularity  is  nKKt  evtdcoC 
in  the  Malpighian  corpuscles,  beneath  the  capsule,  and  In  the  pyTamlda) 
portions  of  the  organ.  The  Malpighian  corpuscleft  stand  nut  m  |v^ 
minent  red  |x>ints,  and  the  pyrami<lnl  cones  are  of  a  deep  red  cw! 
thus  contrasting  strongly  with  the  pale  opaque  cortex, 

Tlie  trrminatiun  uf  the  process  varies.  TIte  increased  raitcuMntv 
epithelial  cluingc  may,  as  already  stated,  subside,  and  on  tlic 
matorj'  productn  pansing  away  in  the  urine,  the  organ  will  gradnalSy 
return  to  its  nonnal  condition.  In  other  cases,  the  di&case  oontioiM*; 
and  although  the  vascularity  diminishes,  the  vitality  of  the  epithc&J 
elements  is  so  much  imjuiircd  that  they  undergo  rctrogreMive  rhiiigm 
In  these  cases  the  cells  still  continue  to  come  away  with  the  uiMV 
but  instead   of  presenting  a  swollen  granular  appearance,  ai  la  the 


Fig.  i^.—Tulkil.\ef-firi- 
/»*i}—  a  SingU  Crime 
Tubf.  Showing  the  ac- 
cumulation wiihin  the 
tube.  In  the  few  cpithe* 
liali  cells  which  have 
escaped,  the  granular 
cooditioo  of  the  |>roto- 
plasm  is  seen,     x  aoa 
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emrlier  stage  of  the  disease,  they  now  contain  molecular  fat.  Tliis  fat 
gradually  increases  in  amount  as  the  degeneration  proceeds,  until 
ultimately  the  cells  are  destroyed,  and  the  fat  appears  as  free  molecules 
and  fannies  on  the  tube-casts. 

This  fatty  degeneration  of  the  epithelium  is  attended  by  correspond- 
ing changes  in  the  appearance  of  the  organ.  The  redness  diminishes, 
and  the  Malpighian  corpuscles  are  less  prominent.  The  enlarged 
cortex  presents  a  yellowish-white  tinge,  studded  with  minute  yellowish 
streaks.  This  is  owing  to  the  presence  of  fat  in  the  tubes  of  the 
cortex.  This  fatty  stage,  if  only  slightly  advanced,  may  undoubtedly 
pass  off.    The  degenerated  cells  are  carried  away  by  the  urine.     From 
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Fig.  i8^ — Tvbal  I^ephritis.  Duration  of  disease,  six  months.  Kidneys, 
large;  capsules,  non-adherent;  surface,  smooth;  tissue,  soA. 
Showing,  in  addition  to  the  intraiubular  change,  the  cellular  infiltni- 
lion  of  the  intenubular  connective-tissue,     x  aoa 

lose  which  remain  in  the  tubes,  the  fat  is  probably  partially  absorbed. 
Thus  the  retrograde  process  gradually  ceases,  and  the  organ  returns  to 
nearly  its  normal  size  and  condition.  In  other  cases,  the  degeneration 
continues,  and^  owing  to  the  Utss  of  epithelium,  the  kidney  becomes 
somewhat  diminished  in  size.  This  atrophy  is  always  accompanied  by 
changes  in  the  intcrtubular  connective-tissue. 

When  the  inHammatory  process  is  of  still  longer  duration,  or  when 
the  kidneys  are  the  seats  of  repeated  attacks  of  subacute  inflammation, 
the  intertubulur  comtrctive-tissue  invariably  bccojnes  involved.  This  tissue 
becomes  infiltrated  with  small  cells  which  ultimately  tend  to  form 
a  fibrillated  structure  (Fig.  185).  The  new  intertubiilar  growth  nwy 
gradually  increase,  and  so  lead  to  more  or  less  irregular  atrophy  of  the 
organ,  such  as  will  be  described  as  occurring  in  interstitial  nephritis 
(small  white  kidney).     The  new  tissue  is  more  uniformly  distributed. 
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nixi}  the  cftntraction  less  mnrk*^  in  tho^e  casts  foIlowiB|^ 
nephritis  than  in  those  presently  to  be  described  (p,  505).  la  otbcr 
cAses,  death  ensues  before  any  marked  atrophy  has  taken  pl»ce,  mA 
thus  tlie  organ  may  remain  smooth  and  large  to  tlic  terminatioo  of  IIm 
disease  (large  white  kidney).  The  interlubular  growth  U 
found  thickly  studded  with  fatty  granulest.  Attackji  of  nibMVIr 
flammation  not  infrequently  occur  in  the  course  of  the  more  c 
cases  of  primary  jwirenchymatous  nephritis. 

Tlie  secondary  forms  of  acute  parenchymatous  nephritia  (. 
nrphr'ttit)  are  mainly  characterised  by  changes  expretted  by  Uie  Urm 
glomerulo-nephritis. 

The  etirlicjtt  and  most  marked  changes  are  ofim  eonfiacd  tn  tiie 
Malpighian  l>odics.  These  are  found  to  contain  a  number  of  unr  orfk 
the  exact  origin  of  which  is  uncertain.  According  to  some,  tlicy 
derived  from  the  endothelial  cells  of  the  va.scular  lufta;  accon]la|t 
others,  they  are  accumulated  leucocytes  ;  and  in  the  opinion  of 
again,  they  arc  the  progeny  of  the  epithelium  covering  the  glomeraln. 
The  new  cells  are  sometimes  accompanied  by  so  much  exudaHoB  tfaii 
the  va.scu1ar  tuft  is  compressed,  and  the  circulation  throogh  it  mote 
or  less  Interfered  with  (p.  501). 

The  iniima  of  the  minute  arteries,  especially  of  those  rapplyiax  tbe 
glomeruli,  is  frequently  swollen  (hyaline  degeneration) ;  MMt  as 
irregular  narrowing  of  the  lumen  of  the  affected  vcsacK  ia  iheffdiy 
produced.  This  change  may  be  fllso  present  in  the  captlUries  of  tW 
glomeruli,  in  consequence  of  which  many  of  them  become  impmneablr. 
The  miutcular  trails  of  the  minute  arteries  are  also  thickened,  and  tiK 
nuclei  multiplied.  Goudy  swelling  of  the  epithelium  In  the  ccstivviliitBd 
tubes  is  commonly  supemdded. 

Later  on,  a  cellular  infiltration  of  the  intertubnlar  connectiire-tlMW 
of  the  cortex  may  occur,  together  with  an  increase  in  the  epilMkU 
degeneration,  and  a  crowding  of  the  tubes  with  small  mund  edW 
The  cellular  infiltration  commences  around  the  larger  I'aAcular  tmli^ 
whence  it  spreads  rapidly  into  the  Imscs  of  the  pyramiiU,  and  cjyni« 
ally  into  the  cortex.  As  it  increases,  the  epithelium  undergnr«  bttj 
degeneration,  and  the  urine-tubes  gmduuUy  become  ■  "d. 

To  the  naJced  ryr,  in  the  (taUvr  varieties  of  glomt  .|.'hillii»M 

change  is  visible.  In  the  iater  jrtagrst  when  the  dfscsnr  hu  Iwlcd 
several  weeks,  the  glomrmli  may  l)e  unduly  prominent,  the  Initr- 
pyramidal  portions  of  tlie  organ  enlarged,  and  yellowiKh  fti^taki 
visible  in  the  cortex. 
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Interstitial  Nephritis. 

Wc  have  already  seen  that  an  increase  in  the  interstitial  tissue  of 
le  kidney  occurs  in  the  more  advanced  stages  of  parenchymatous 
(p.  503),  and  of  chronic  consecutive  nephritis  (p.  498).  But  this 
change  is  most  frequent  and  prominent  in  that  most  chronic  of 
11  varieties  of  Bright's  disease  which  is  known  as  contracted 
^Iddney,  granular  kidney,  cirrhosis  of  the  kidney,  gouty  kidney,  or 
interstitial  nephritis,  lliis  disease  is  associated  pathologically  with 
atrophy  of  the  glomeruli  and  tubules,  and  changes  in  the  walls  of  the 
arteries.  Clinically,  it  is  characterised  by  an  insidious  onset,  an  in- 
creased blood-pressure,  a  large  secretion  of  urine,  and  the  gradual 
development  of  hy|>ertrophy  of  tlie  left  ventricle  of  the  heart. 
Albuminuria,  if  present,  is  sliglit,  and  dropsy  is  absent. 

Naked-eye  Appearances. — In  a  well-marked  case,  the  kidney  is 
much  diminished  in  siase.     Its  capsule  is  thick  and  very  adherent ;  it 
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Fin.  1^.— fnUrstitiai  iXrf  iritis.  A  very  advanced  slagw  of  the  prooes. 
Showing  ihe  large  amount  of  lissuc  Iwtwern  ihc  tubes  of  the  conex, 
and  the  extensive  atrophy  of  the  tubes.  TTie  degenerated  cpithelitiTn 
which  was  contained  in  some  of  the  tubes  luu  fallen  out  in  the  pre- 
paration of  the  section,     x  150, 

cannot  be  removed  without  tearing  the  substance.  The  surface  is 
coarsely  granular  and  of  a  rcddisli-grey  tint.  On  section,  the  coloiu 
of  both  pyramids  and  cortex  is  seen  to  closely  resemble  that  of  the 
surface,  the  distinction  lietween  cortex  and  pynmiid  being  often  by  no 
means  clear.     The  cortex  is,  however,  more  mottled^  and  small  patches 
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can  sometinies  be  made  out  curresjxjiidiiig  to  Uic  drpi 

the  minute  nodules  on  the  surface.     Moreover,  it  is  much  naiiuwQf^ 
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Pic  1S7.— /mAvx/l/m/  A'^-  ige  of  the 

Sbowtng  the  intcrtubttlar  tis-^uf*  wit>>  Ihr*  ^^ninulftf  and  tiStf 
which  result  from  the  dcigmonilioD.     x  loa 


FlO.  16B. — Aritritsfrom  Contracted Xidmty  of  atttun^wd Ckramii^  /^F/^A.'r 
Oiuate,  a.  l^ngiltuimftl  an^ion.  &Iiowin|[  the  grrskt  tt  ick.irn>n;;  iW 
tbccJmiUr  mu&cuUr  coat,  al&o  of  the  outer  fibroos  co.«t.  o^tl  tl>c 
inlemal  connedivrtiwur  lajrer,  ^.  Tnuisvcne  lection  of  ■fMJthrf 
veaael  \m  dlsrascd.  Here  is  %eeu  the  IhtckeniuK  of  the  rlfcnlftf 
muscukr  and  exiema]  fibroos  oou.     x  «o. 

ler  tlian  normal ;  and  small  cy^ts  nrc  often  foand,  MpOcUhf 
nirlkce.    Calcareous  dcjiosits  may  occasion/illy  be  teen  «■  wKAi» 
among  the  tubes  of  tlie  pyrnmidn.     In  the  earlier  itagea  of  the 
alt  theae  change*  will  be  much  less  marked. 
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Bncroscopic     Characters. — If   one    of   the    ilepressions   just 

rnentioncd  be  examined,  it  will  be  found  to  consist  of  a  number  of 

shrunken  Malpighian  bodies  and  a  few  atro])hied  or  distended  tul>e8 

embed<led  in  a  mass  of  fibroid  tissue  (Fi^.  186).     Bowman's  capsule 

ay,  in  each  case,  be  more  or  less  thickened. 

The  rest  of  the  cortex  is  by  no  means  uniformly  affected.  In  many 
parts,  the  tubes  are  diminished  in  size  or  completely  obliterated:  in 
others,  they  are  dilated  and  filled  with  degenerated  epithelial  pro- 
ducts (Fig.  J  87).  Their  walls  are  often  thickened.  The  intertubular 
tissue  is  increased  throughout,  but  by  no  means  uniformly.  Tlie  new 
tissue  may  be  largely  cellular  or  densely  fibroid.  The  atropliy  of  the 
Malpighian  bodies  and  adjoining  tubes  maybe  out  of  proportion  to  the 
^^^Uiount  of  fibrous  overgrowth. 
^^P  Attention  must  now  be  turned  to  the  interlobular  arteries  and  the 
^^smaller  cortical  vessels.  Tlie  walls  of  these  are  almost  invariably 
thickened.  Sometimes  tlie  external  coat  is  principally  involved,  and 
appears  to  be  continuous  with  the  new  intertubular  tissue.  5>ometimcs 
the  middle  coat  is  tliickencd,  as  in  the  specimen  from  which  the 
accompanying  illustration  was  taken  (Fig.  188).  Johnson  attributes 
this  to  hypertrophy  of  the  circular  muscular  fibres.  Recent  oliservers 
emphasise  the  frequency  Mith  which  the  intima  is  involved :  the 
endarteritis  thus  produced  most  clo.sely  resembles  tliat  form  already 
described  as  syphilitic  (p.  432).  T\ie  changes  in  the  arteries  are  by 
I  no  means  limited  to  those  of  the  kidneys,  but  are  found  in  the  arteries 
■^f  almost  any  part  of  the  body. 

P  Pathola^. — The  relationship  these  changes  bear  to  one  another 
must  now  be  c<msidered.  It  is  by  no  means  cert;iin  that  this  relatinn- 
nhip  is,  in  all  cases,  tljc  same.  Two  explanations  have  been  suggested. 
According  to  the  first  and  older  view,  the  changes  are  due  to  the  action 
of  some  unknown  irritant  conveyed  by  the  blood  to  the  kidneys,  thus 
giving  rise  to  proliferation  of  the  connective-tissue  in  the  immediate 
neighbourhood  of  the  vessels  (Fig.  189).  According  to  this  explanation, 
a  granular  kidney  is  analogous  to  a  cirrhotic  liver.  The  thickening  in 
the  vessels,  and  the  increase  in  the  intertubular  tissue,  are  the  earliest, 
and  practically  simultaneous,  changes  ;  while  the  atrophy  of  the 
secreting  tissue  is  due  to  the  results  of  the  contraction  of  the  chranic 
inflammntor^'  ti.'Uiue. 

According  to  the  more  recent  and  now  more  generally  accepted  view, 
the  onler  of  events  is  reversed.  The  sccrcting-tissues,  from  overwork, 
and  from  the  premature  exhaustion  of  their  inherited  vital  capacity,  are 
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unable  to  utilise  such  nourishment  as  is  supplied  b^r  llic  blood,  wlitiA 
most,  if  not  hU,  coses  is  defective  or  even  delcteriou*.  The  9cer 
tissues,  constituting  the  most  highly  orpinised  purl  of  the  kidne^^  vfll 
have  the  greatest  iliffimlty  in  assimiUtinf;  noiiri^ihim^nt  undc-r  mhmtnmd 
conditions,  and,  in  any  );jenernl  intertcrrnce  with  nutrition,  wUl  thoe* 
fore  be  tlio*te  most  likely  to  surtcr.  Thus,  the  Uirinkinir  of  Uw 
glomeruli  and  tubules  form  the  initial  chnngo  (Fig.  \B6y  llie  i  haanH 
in  the  blood-vessels  and  the  increase  in  the  rntcr^titiii]  tiwr  Mkiv. 
The  latter  Is,  in  many  cases,  more  apparent  than  real,  Itrin^  P'^'^T  *^ 
to  the  mere  condensation  of  the  previously  rxUting,  but  RM>rr  widehr 
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Fia  t9q.—/»tmfiria/  Xt/>Mn'ftJ.  Showins  nwrkeri  faiuoue  of  ite  i»r 
tenubular  connective- tiuue.  The  cplthelnun  has  fidloi  oa  oi  wamm 
of  the  nibes  during  the  prepaiution  of  ibe  Mctioii.     k  aoa 

separated  tissue.     To  some  extent,  it  may  be  the  result  of  irrltJitfai^ 
and  l»e  partly  inflammatory  in  its  origin. 

The  subsequent  contraction  of  the  new  tissue  neccMuily  oawMrtiktij 
many  ducts.     The  arrest  of  the  flow,  in  those  supplied  by  gh 
whose  vessels  are  still  pcrmcJible,  will  lead  to  thr   formation  of 
retention-cysts,  such  as  have  l>een  jireviounly  deKcribed. 

Sometimes  tlie  arterial  changes  are  more  marked  thaii  the 
of  thr   glomeruli  and   tubules.      In   these   coses,  the  end«rteritis, 
diminishing    the    lunirn,    and    hence   the   blond- mi ppl^r.   Is 
res|>onsiblc  for  the  production  of  the  atrophy. 

CUnically,  granitiar  kidney  is  a  disease  generally,  but  not  exclmhrclyaj 
limited  to  the  declining  |)criod  of  life      It  U  often  miini!iit>.d 
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gout,  dironic  lead-poison iug,  and  over-indulffenfe  in  alcohol ;  and, 
pL'Hiups  mure  ufleu  tlmn  is  ^fnerully  bclievfdj  with  syphilis.  In  all 
the  marked  cases^  it  is  aceonipanied  by  hypertrophy  of  tlie  left  ventricle 
of  the  heart,  increased  arterial  tension,  and  de^^enerative  changes  in 
«tht*r  tissues.  Cohnheim  held  that  the  supply  of  l»lood  to  the  kidneys 
varied  with  tlie  amount  in  the  blood  of  those  substances  which  the 
kidneys  are  normally  in  the  habit  of  eliminating.  Atrophy  of  part  of 
the  excretory  apparatus,  by  throwing  more  work  on  the  remainder, 
might  not  improbably  lead  to  an  increase  in  the  percentage  of  these 
Bubstajices  in  the  bliMxl.  Now,  the  only  way  in  which  the  eliniinatiou 
of  these  by  the  kidneys  can  be  proportionately  increased,  is  by  the 
increased  action  of  the  left  ventricle  and  a  simultaneous  increase  in 
the  resistance  in  the  arterioles  of  other  parts.  By  this  means,  a  larger 
amount  of  blood  might  be  supplied  to  the  kidneys,  and  their  excretory 
functions  thereby  assisted.  This  might  result  from  some  reHex 
mechanism. 

The  enlargement  of  the  left  ventricle  is  a  true  hypertrophy,  though 
It  is  often  combined  with  a  small  amount  of  chronic  myocarditis. 


CHAPTER  XXXI. 
INFLAMMATION  OF  TH£  LUNGS. 

In  the  lungs,  intiammatory  processes  comprise  the  three  following 
principal  varieties:  (1)  Croupous,  lobar,  or  acute  pneumonia;  (S) 
catarrhal,  lobular,  or  bronchopneumonia;  and  (H)  Interstitial  or 
chronic  pneumonia.  Of  these,  the  first  occurs  as  an  independent 
afiection,  whereas  the  last  two  are  usually  the  result  of  some  ante- 
;dent  bronchial  or  ]>ulmonary  inflammation. 


Acute,  Croupooj,  or  Lobar  Pneiimonia. 

Acute  Pneumonia  is  an  infective  disease  characterised  by  inflamma- 

lon  of  the  parenchyma  of  U»e  lung,  leading  to  the  solidification  of  a 

msiderable  area  of  that  organ.     It  is  usually  limited  to  one  lung,  and 

ic  right  is  most  frequently  affected.     The  inflammation  starts  in  the 

Substance  of  the  lung,  from  a  focus  which,  in  the  majority  of  cases,  is 

in  the  lower  part  of  tlic  lower  lobe.    The  disca&c  extcudfi  by  cuutiimity 
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of  tissue  from  Uiis  pirimary  focus,  and  necessarily.  In  ntoot  cajea,  ia  tti 
upward  direction ;  although  it  may  begin  at  any  point  and  extcMl  ta 
any  direction.  There  is  no  reason  to  supjiosc  that  the  ditratf 
by  the  bronchial  tubes.  The  consolidated  area  niay  exactly 
to  the  boundaries  of  a  single  lobe ;  tliough  quite  as  often 
reach  them,  or  oversteps  them. 

The  inflammation  of  the  lung  is  always  accompanied  hy 
tion  of  the  pleura  over  the  inHnined  area,  and  sometimes,  owiii|(  III  th^ 
spread  of  the  infection,  by  that  of  tiie  |>erittmcura  oxmI  prriearAna 
The  bronchial  glands  are  inflamed  and  swollen ;  the  niedijutinAl  oa^ 
nective-tissueis  frequently  a:?demAtous  ;  and  acute  secondary  tiMrnit^itk 
occasionally  su()crvenes.  I'he  disease  is  accompanied  by  hifih  feier. 
brginning  usually  with  n  sudden  rise  and  marked  symptoms  (p.  354)«  »4 
ending  by  crisis;  cloudy  swelling  uf  organs  results.  Deatbt  wbca  R 
occurs,  seems  to  be  due  to  cardiac  failure,  induced  by  general 


it  i^U  Mjdj 
InAaaMB^H 


a  dlOL 
eo  miakM 

ipOMMK^H 

rtoaMM 


XTIOLmOGY, — Thifi  disease  was  formerly  attributed  to  a  diflL 
and  in  certain  cases,  the  origin  of  tlie  disease  in  connectloo 
cx{>osure  to  cold  and  damp  is  vcr^*  strikiiijf.  It  is,  however,  iiD| 
to  regard  cold  as  more  tluui  a  predisjMising  causc  ;  for  exposure 
is  alleged  as  n  cause  in  only  a  small  minority  of  the  cases.  Mmwur. 
the  diseiise  does  not  especially  afltct  those  who  are  most  rxpoaed  t* 
vicissitudes  of  weather,  nor  does  its  prevalence  rise  and  fall  with  tbat 
of  bronchitis.  Finally,  pneumonia  cannot  be  produced  by  cxpowie  to 
cold,  or  by  the  inKiction  upon  the  lung  of  any  mechanical  or  ^frrT*'*' 
injury.  Similarly,  depressed  health  is  only  a  prediApoain^  onae 
Typically  healthy  people  are  often  affected. 

In  the  present  state  of  our  knowledge,  wc  should  naturally  expert 
to  6nd  that  some  organism  is  the  cause  of  such  a  disease  as  pocunmia, 
especially  when  we  know  that,  thuugh  there  is  not  tltc  least  evideacc 
of  contagiousness,  yet  in  some  years  it  b  so  prevalent  as  t0  be 
pnictically  epidemic.  Again,  small  outbreaks  occaaloiially  occar  la 
wards,  prisons,  and  similar  places;  and  the  disease  U  ■mnitl— 
endemic  in  a  house,  from  time  to  time  attacking  different  peo|ile  la  K> 
In  the  targe  majority  of  cases,  the  disease  is  prohaUif  due  to  the  gr(rrt& 
of  the  diplococcus  pneumonia?  (p.  355],  It  is  not  certain  Uuit  all  cmm 
of  primary  acute  pneumonia  are  due  to  one  and  tlie  same  paiaidtc; 
and  it  is  still  more  doubtful  whether  secondary  acute  imeumKttii, 
arising  in  the  course  of  such  diseases  as  typhoid  or  rr}'«i|H:Ua,  always 
owes  its  origin  to  the  same  organism. 
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By  most  pU!iologists  the  disease  is  regarded  as  an  infective  inflain- 
lAtion  of  the  lung,  just  as  erysipelas  is  of  the  skin — the  fever  being 
secondary  to  the  iiiHummRtion,  and  due  to  the  poiisage  into  the  blood 
of  pyrogenic  ferments.  Others  believe  it  to  be  a  general  infective 
disease,  like  scarlatina — the  lung-inHaramation  being  the  characteristic 
local  lesion,  corresponding  to  the  rash  and  throat  of  scarlatina.  The 
"  t^-pical "  course  of  the  fever,  ending  usually  in  a  crisis  between  the 
fifth  and  eighth  days,  and  the  absence  of  any  constant  relationship 
between  the  extent  of  the  local  inHiimmation  aiul  the  intensity  of  the 
fever,  are  generally  regarded  as  being  in  favour  of  the  latter  view. 
The  results  of  inoculation-experiments  sup]K)rt  the  former.  The 
essential  difference  between  the  two  views  would  seem  to  be  that  the 
blood  is  infected  from  the  lung  according  to  the  first,  whilst,  in  the 
second,  the  irritant  reaches  the  lung  from  the  blood,  having  entered 
perhaps  through  the  alimentary  mucosa. 

Pneumonia  is  prone  to  recur  in  a  jierson  who  has  once  suffered 
from  it. 


MORBID  ANATOMY.— The  local  process  is  charncterised  by 
intense  inrtanimatory  hypenrmia  of  the  lung,  and  by  the  exudation  of 
■  large  amount  of  coagulable  material  into  the  pulmonary  tissue.  It 
is  termed  "croupous"  from  the  fibrinous  character  of  the  exudation. 
The  terra  "  lobar  "  is  applied  to  it  because  it  almost  invariably  affects 
an  extensive  [)ortion  of  ttie  lung.  The  process  is  commonly  described 
OS  consisting  of  three  stages — (I)  that  of  engorgement  ;  (2),  that  of  red 
hepatisatum  ;  and  (3)  that  of  grcif  hcfMltsation, 

In  ihcjirsl  stage,  that  oi  engorgement,  the  lung  becomes  exceed- 
ingly vascular,  the  changes  in  the  blood-vessels  and  circulation  being 
those  already  described  as  characteristic  of  inflammation  (p.  2(5^). 
The  organ  is  of  a  dark-red  colour,  its  specific  gravity  and  absolute 
weight  are  increased,  its  elasticity  is  diminished,  its  substimce  is  less 
crepitant  and  more  friable  than  natural,  and  its  surface  pits  upon 
pressure.     On  section,  it  yields  a  reddish,  frothy,  tenacious  liquid. 

In  the  second  stage,  that  of  red  hepatisation,  there  is  an  exudation 
of  liquor  sjinguinis  and  migration  of  blood-corpuscles  into  the  pul- 
monary tissue.  Some  of  the  vessels  may  also  rupture,  and  thus  small 
extravnsations  occur.  The  exuded  liquids  coagulate  within  the  air- 
vesicles  and  terminal  bronchioles,  to  form  a  semi-transparent  coagulum 
enclosing  red  corpuscles  and  leucocytes  in  its  meshes  (Fig.  IJ)(*). 
The  fibrin-filaments,  according  to  Wcichselbaum,  are  much  thicker 
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and   more   numerous   in   cases   due  to   the  diplococcus 

Contrary  to  the  u»ual  rule  in  acute  inHnminationK>  the  ntononi 

leucocytes  are  as  plentiful  as  the  multinucleated.     The 

may  be  found  in  both.     Tlie  lung  is  now  much  heavier  than  in  the. 

preceding  stage,  and  is  increased  in  sixe,  so  as  to  lie  oiYcn  mariied  hf 


Mi;.  190. — Croupotts  Putumcnia — Jitd  ItfpattsatMtt.  Idwwing  tlie 
6brinouscoaguluin  in  oae  of  the  pulmonary  iUveoll.  enckMiag  nrfthta 
Its  DMAhes  numf*rou9  IrucocTies,  which  arr  aln-*djr  commcAdnf  lo 
undergo  faujr  meuuuorphmiv  A  Tew  leucocj'tei  uv  wen  on  ihc 
alveolar  walls,  and  the  alvroUr  ^piihelium  is  swollen  And  fnnuUr. 
The  lepftnilion  of  ihr  cogq^iUum  froin  ihe  alvroUr  wall  u  due  to  Ifaa 
metbod  of  prepATfilion.      x  aoo. 

the  ribs.  The  affected  portion  can  be  recognised  before  a 
madc>  for  the  pleura  over  it  is  hypcrwmic,  npAque,  and  corercd 
lymph  ;  while  the  distension,  firmncsA,  and  diirk  purple  colour  of  t^ 
lung  beneath  cannot  c$»c.-t|K.>  notice,  it  is  quite  M)lid,  Mnks  in  water, 
and  cannot  be  artificially  inHated.  It  docs  not  crepitate  under  ihm 
fingers,  and  is  remarkably  friable,  breaking  down  rradily  with  a  mA 
granular  fractun?.  The  cut-surface  has  a  markedly  granular  appcof- 
once,  seen  es|)ecinlly  when  the  tissue  is  torn.  lliU  M  uwin|»  ti*  tjfec 
plugs  of  cuagulatcd  eJLudatjuii,  which  project  frutn  Uic  oircoii  tlic^  flL 
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Tfitrre  is  no  lobulation  of  the  margin  of  the  inHanied  area,  no  outlying 
racciuoee  nodules  or  other  indication  of  int'ectioD  spreading  by  the 
»ronchi.  The  colour  is  of  a  dark  reddish-brown,  often  here  and  there 
jiassing  into  grey.  This  admixture  with  grey  sometimes  gives  a 
nmrbled  appearance.  The  red  colour  is  due  chiefly  to  vaseular 
engorgement,  but  partly  to  cxtravasated  red  cor]>uscles.  Throughout 
this  stage,  there  appears   to   be   but    little  alteratxcu   either  in  the 


Fig.  191. — Croupous  Pneumonia — Grey  Hepaiisation.  Showing  ihe  large 
iiCL'timuIation  of  cellular  elemcnls  within  one  of  ttic  pulmonary 
alveoli,  which  in  some  parts  tuve  undergom;  such  extensive  fany 
degeoemtion  that  their  distinctive  outlines  arc  no  longer  visible. 
X  aoo. 


Iveolar  walls  or  in  the  alveolar  epithelium.  In  the  former,  are  often 
'•een  a  few  leucocytes,  while  the  latter  is  usually  swoUcn  and  granular 
^ig.  I9(^).  If  a  section  of  the  spreading  edge  be  examined  at  this 
s,  it  will  be  found  intensely  hypencmic.  The  hypenrmia  extends 
^mewhat  irregularly  into  the  adjacent  tissue,  which  is  otherwise  of 
loniial  appearance. 
The  thini  stage,  that  of  grey  hepatisation,  is  characterised  by  a 
'coDtinuaJice  in  the  emigration  of  leucocytes,  and  by  more  marked 
(ihaiigefi   iu    tike   epilheliuni.      The  while   blood-corpu&eles   continue 
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to  escape  from  the  vessels,  until  they  seem  lo  fill  Ihe  a1v«oIL  TW 
epithelial  eells  liuiug  the  alveolar  walls  beccnnc  more  iwoniaB  uad 
granular,  and  tiie  walls  themselves  become  more  or  \em  faifiltntcd 
witli  leucocytes.  The  walls  mid  the  contcutti  of  tJic  aItcvIi  n" 
ASKume  a  unifonn  appearance^  luid  the  graniilnr  npiimnincv  aTlkfcftjd 
stage  is  lost  (Fig.  1<)0).  The  fibrinous  material  next  riblnlrytg, 
and  the  white  cells  rapidly  undergo  fatty  change»»  whiUt  the  red  are 
decolorised  ;  so  that  the  alveoli  are  seen  lo  l>e  full  of  l  '  '  •  leinciltai 
which   in   many  jiarts   have   lost  their  distinctive  «m)  :  ig.    190 

Occasionally,  when  this  stage  is  unusually  advanced,  the  ahcoUr  walb 
may  be  found,  here  and  there,  iwjrtially  destroyed.  'Hie  weluhl, 
density,  and  friability  of  the  lung  now  become  even  greater  than  m 
the  stage  of  red  he|>ati*ation,  although  the  granular  as|>rcl  «if  the  rat- 
surface  ib  much  lc'!»s  marked.  The  tissue  is  !w>tt  and  pulpy,  and  « 
purifonu  liquid  exudes  from  its  cut-aurfacc.  The  mo*t  pnocskDcol 
feature,  however,  is  the  alteration  which  t«ke«  place  In  the  cokmritf 
the  organ.  This  gradtmlly  chrtn^es  from  a  ilarW  reddish -brown  t»  a 
grey  or  yellowish-white,  marbled  by  the  tracts  of  pigment- bnriag 
connective-tissue.  The  iwllor  is  owing  |Hirtly  to  the  fatty  degrtientka 
which  the  cells  have  undergone,  and  |Hirtly  lo  the  prrviure  exefCttcil 
upon  tlie  blood-vesseU  by  the  exuded  bubstances  and  newly-fonnal 
cells ;  but  since  KindHcisch  has  sh(»wn  that  it  is  alwa^-s  easy  to  ia^ai 
the  vessels,  it  would  seem  likely  that  a  good  deal  of  the  iiaOor  fa  dH 
to  post-mortem  expression  of  blood.  The  sLige  of  jtrry  hepatisaAiMii 
whtfti  far  advanced,  lias  been  teniied  "suppuration,  or  purulefit  to* 
filtration,  uf  the  lung."  This  stage,  in  all  probabUity,  oaly  ocssn  » 
fatal  cases. 

Although  these  three  stages  of  the  pneumonic  procei*  bane  bem 
described  as  succeeding  one  anotlier  in  ortlerly  succession,  it  nuMt  be 
remembered  that  each  stage  d(»e»  not  occur  simultaneously  thpo«»|plia«t 
the  wliole  of  the  affected  area  of  the  lung.  The  cbat»gr»  adtan^v 
irrrgiilarly,  so  that  whilst  one  |>orti<»ii  of  the  lung  is  in  the  %tagr  M 
red  hepatisation,  another  may  l>e  in  the  grey  stage — lirncr  the  mottiedi, 
marbled  appearance  of  the  con  w»l  id  at  ion.  The  rapidKy  »l"> 
which  the  several  stages  succeed  one  another  is  subjert  to 
variations.  In  some  cases,  the  pneumonic  c<»nsolidatiou  very 
becomes  grey,  whilst  in  others,  the  time  ueeupied  in  the 
several  days  longer. 

The  bronchi  of  the  affected  area  are  always  inflamed  mad 
contain  a  viscid,  blood-stained,  rust-coloured  mucus,  which 
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characteristic  expectoration.  Sometimes  the  sputum  is  dark  and 
watery,  like  prune-juice.  Tlus  is  probably  o^vinjjj  to  the  addition  of 
ceflema-fluid  from  neighbouring  jmrts  of  the  lung. 

TERMINATIONS. — The  pneumonic  process  may  end  in  one 
of  four  ways. 

I.  In  Resolution.— The  gradual  return  of  the  lung  to  its  normal 
condition  is  tht*  natural  and  much  the  most  frequent  termination 
of  croupous  pneumonia.  This  is  effected  by  the  fatty  and  mucoid 
degeneration  of  the  inflammatory  products  which  have  accumulated 
witliiii  the  alveoh.  Thus  altered,  they  can  be  removed  by  absorption. 
This  process  is  assisteil  by  the  return  of  the  blood-vessels  to  a  norma] 
condition  and  the  re-establishment  of  the  circulation.  Granular  pig- 
ment, derived  from  the  escai>ed  red  corpuscles,  is  oflen  mixed  with 
the  softened  matters,  and  appears  in  the  ex|)ectoration.  It  is  usually 
taught  that,  where  tliis  process  of  resolution  is  taking  place  in  the 
lung,  the  gntnulnr  appearance  of  its  cut-surface  is  completely  lost ; 
tliat  it  Is  of  a  yellowisli-grey  colour  ;  and  that  a  tenacious  puriform 
liquid  can  be  expressed  from  its  substance.  But,  obviously,  we  do 
not  know  the  appearances  of  cases  which  recover.  The  sputum  gives 
no  support  to  the  view  that  resolution  takes  place  by  the  cell- 
infiltration  and  general  softening  of  grey  hejmtisation ;  tind  it  seems 
probable  that  those  pathologists  are  right  who  hold  that  from  the 
of  advanced  grey  hcpatisation  no  lung  ever  recovers. 
In  Abicesa. — The  formation  of  abscess  is  a  rare  result  of 
pneumonia.  Such  a  result  appears  to  l>e  favoured  by  a  bad  con- 
stitution, and  by  any  circumstances  which  tend  to  im|Miir  the  general 
health,  especially  the  abuse  of  alcohol.  The  abscess  is  more  conmion 
in  the  upper  Uian  in  the  lower  lobes.  Circumscribed  gangrene  of  the 
lung  also  may  occasionally  terminate  in  abscess.     This  takes  place  by 

e   expulsion   of  the   necrosed   tissue   thriiugh   tht  bronchi,  and    the 

miation  of  a  layer  of  granulation-tissue  uiK>n  the  walls  of  the  cavity, 
which  generates  pus.  The  cavity  may  ultimately  close  by  granulation 
and  cicatrisation.  These  abscesses  o(  prin»ary  origin  arc  usually  single, 
and  Uius  ditfer  frtnn  those  due  to  pyaemia. 

S.  In  Gangrene. — This  result  is  also  rare,  and  is  also  chiefly  found 
in  drunkards  ami  in  persons  of  debilitated  constitution.     Two   con- 
ditions appear  to  be  princi|)ally  concerned   in   bringing  about   this 
result: — (1)  the  interference  with  the  supply  of  blood  by  extensive 
^fionution  of  coaguta  in  the  pulmonary  and  broncliial  vessels,  togetlicr 
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with  considerable  haemorrhage  into  the  pulmonary  tissue ;  «ild  (9) 
injurious  influence  of  septic  inHaminatory  products.     *Ilic  gkngnttt 
usually  limited  to  a  small  area  of  the  pneumonic  lung*  And  i» 
disuse  or  circumiicribed. 

4.  In  Chronic  Pneumonia  — If  the  inflamDiatory  piucrM 
not  subside,  and  the  exuded  substaiiocH  arc  nut  a1norbc*d«  the  aIiii4h 
walls  gradually  become  involved.  Thcuc  become  thickened  by  a  arm 
growth  of  fibro-nuclented  tissue,  and  thu*-  is  pnxlucr*!  imire  or  lc«s 
fd)r<iid  induration  or  cirrhot»is  of  the  organ.  TbU  trmiinal 
croupous  pneumonia  is  eom))aratively  rare  (p.  5fil). 

Lobular,  Catarrhal,  or  Broncho-Paeumonla. 

Droncho-pneumouiu  is  an   iiiHamnmtion  uf  tlic  pami<.*hy 
lung,  due  to  an  irritant  entering  and  spreading  by  the  bronchL 
irritant  generally  give^*  rise  to  a  caLorrii  of  the  mtudlcr  brooclil,  to 
%rhich  the  pneumonia  is  secondary. 


I 


JETIOI«OGY.— *Sim/;/<-,  or  nonspcfjfiv  broncho-fmruwi-n:.!    •—,. 
the   extension   of  jfimftir  ftrtrnvhitiM  to  the  alveoli.      It   is    m  rv   Api 
occur  in  young  childn^n  onA  in  aged  ]>cnu)nf(,  and  oArn,  in  nuch  c 
ends  fatally,    'ihis  result,  liowcvcr,  must  not  l>c  uttrilmlt  i*  ♦'■  »'"• 
supervention  of  a  few  small  |>ntches  uf  hiHainmator)'  ci> 
the  lungs,  though   this,  doubtless,  mise*i  ttie  tcnipcraturr 
the  dyspnu-a.     It   is  due  rather  to   the   preceding  cxlv         i 
bronchitis  to  the  finer  tubes,  for  death   ia  due  to  exhatistiaa 
asph^'xia. 

The  exciting  cause  of  nmplc  bronchitis  is  unknown,  although  coU  b 
such  a  strring  predisp<.inent  that  it  often  xecms  an  excitant.  Tbrrp 
many  irritants  which,  gaining  access  to  the  air-|>a%Hige9,  can 
bronchitis  and,  less  frequently,  bnmcho-pnrumonia  as  well  A 
them  may  be  mentioned — irrilant-gtues  ;  dust  of  variinis  kind*,  aodk  m 
particles  <»f  carbtin  (p.  9^),  6teel,  iron,  or  stone,  all  of  which  Mer 
nmch  in  their  irritjint  power ;  and  organi$ms,  of  which  by  fmr  the  nMl 
imyxirbuit  is  the  bacillus  of  tu1>crcle — for  tubcrcuUr  broncbo-pociOMaii 
is  the  le!)ioii  of  phthisis ;  among  other  organismK  which  may  eater  Utf 
lungs  by  aspiration,  are  the  actinomyces  and  the  bacillus  of  glaadrflk, 
and  apparently  also  the  8]>eeitie  causes  of  tiir  bnmehitis  of  raeaslo  ■■'J 
|»ertussis.  H 

Lastly,  |)ortion»  of  food  or  salim,  carryimg  sepiic  germg,  may  enter  tfcc^ 
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,  especially  when  tlic  glottis  is  insensitive.  During  opcra- 
on  the  mouth  or  nose,  or  as  a  consequence  of  wounds  or  diseases 
of  these  parts,  hlood  and  putrid  discharges  may  also  be  sucked  into  the 
bronchi.  Any  of  these  may  give  rise  to  suppurative  or  gangrenous 
broncho-pneumonja.  Simple  bronchitis,  and  those  specific  forms  due 
to  measles,  whooping  cough,  variola,  diphtheria,  and  tubercle  arc  by 
far  the  commonest  varieties  ol"  bruncho-pneumonia.  Tubercular 
broncho-pneumonia  frequently  affords  an  instance  of  the  occurrence  of 
this  form  of  pneumonia  without  any  appreciable  bronchitis,  though 
signs  of  bronchitis  at  the  apices  are  often  some  of  the  earliest  indica- 
tioiLs  of  tubercle.  Tubercular  broncho-pneumonia  also  affords  frequent 
exceptions  to  the  rule  that,  being  consecutive  to  bronchitis,  both  lungs 
will  be  affected. 

All  conditions  depressing  the  general  health  and  strength  pre- 
dispose to  broncho-pneumonia.  They  do  this  by  weakening  the  re- 
sistance of  the  tissues,  and  thus  permitting  the  primary  infection,  as 
well  as  the  subsequent  spread  of  the  iiiHammation.     Possibly,  they 

y  also  act  by  diminishing  the  power  of  the  respirator)'  muscles,  and 
us  favouring  the  occurrence  of  pulmonary  collapse,  as  the  finer  tubes 
become  blocked  by  the  swelling  of  the  nmcoua  membrane  and  the 
presence  of  tJie  catarrhal  secretion.  Collapse  often  seems  to  precede 
the  infljunmntion ;  but  evidence  of  its  importance  as  a  predisponent  to 
broncho-pneumonia  is  unsatisfactory:  it  may,  by  interfering  with  the 
circulation  in  the  collapsed  alveoli,  still  further  weaken  the  resistance 
of  the  tissues,  and  thus  render  infection  easier.  But  whenever 
bronchitis  has  reached  the  finest  tubes,  extension  of  the  inflammation 

tJie  alveoli  seems  natural  without  assistance  from  collanse,  such 

ension  being  probably  assisted  by  the  act  of  inspiration,  which 
ould  tend  to  draw  the  contents  of  the  bronchioles  into  the  alveoli. 


PATHOLOGY. — Broncho-pneumonia  has  been  studied  experi- 
mentally. Animals  have  been  made  to  inhale  irritant  gases  or 
suspended  |>arlides  of  various  kinds.  Further,  by  division  of  the 
vagus,  saliva  and  food  have  been  permitted  to  enter  the  air-|»assjiges. 
The  resulting  changes  var)'  (1)  with  the  size  of  the  inhaled  particles, 
and  (^)  with  the  inicus'dy  of  the  irntation  they  arc  capable  of  exciting. 
Thus,  vcrj-  fine  particles  cause  widely  scattered  miliary  foci  of  inflam- 
mation ;  larger  ones  block  the  smaller  bronchi,  and  cause  collapse  and 
indary  inflammation  of  lobules — a  result  which  has  led  to  tlie  name 
lobular  pneumonia."     The  aspiration  of  a  quantity  of  septic  dis- 
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charge  or  other  fluid  into  a  bronchus  may  afled  many  lotmles 
a  whole  lobe.  According  to  the  intensity  of  tlie  hihaled  irritant,  tiie 
result  may  vary  from  mere  eolinpfte^  acoom))nnied  b}*  Uighl  indanttaalflry 
a.*dema,  through  nil  stages  of  inflnrnmation  up  to  gangrene.  In 
tubercular  fonn  (p.  528),  tlie  inflammatory  products  cancAtr. 


i 


MORBID  ANATOMY.— From  the  above  consideraUom,  H 
be  readily  understoml  that  the  post-mortem  appearances  of  the  Imp 
pre^c^t  many  variationa.  The  hnmcki  tixc  alwavA  more  or  lett  Infliafd. 
and  contain  thick  mucus.  Ordinarily*  the  hmg-tinve  fm^ViMr  ■ 
varjing  number  of  solid  jwiches.  Tliesc  arc  due  rithcr  to  t  uljajwi  or 
to  inflamiiialor}'  couMilidation.  Kmphysema,  with  more  or  Icm  coA- 
gestion  and  oedema,  la  comnionly  found  in  their  ucighbonrhmd 
Patches  of  col/nps^  are  particularly  common  in  the  lower  lobe, 
esj>ccially  aUmg  its  thin  Iwrdcr.  Sometimes  a  large  pt»rtion  of  a  Uihr 
is  thus  involved  ;  at  other  times  only  a  few,  snmll,  ivulkted  patebe&. 
'I'he  surface  of  the  collapsed  part  is  depre^ised  ImJow  the 
surface  of  the  lung.  It  hns  a  dHrk  bluinh  colour,  and  h  eaailjr 
from  the  bronchi.  On  section,  it  is  dark-red,  smooth,  and  Utinj.  It 
ift  toughj  and  non-crepitant.  Portions  of  it  sink  in  water.  On  cAoKff 
inspection  the  patches  are  seen  to  be  more  or  less  conical,  with  tKdr 
iKLses  towards  the  surface  of  the  lung  and  tlieir  apices  Uiwanb  tJlc 
bronchi  with  whidi  they  are  in  CH>nnection.  Tlie  pleura  over  a  pitdl 
of  collapsed  lung  is  nonnal.  A  pnetunonic  patch  H  of  coafioa)  Ibnn, 
and  is  airless  like  the  collap*icd  [lart :  nioreovrr,  it  It  limilarfy  dis- 
tributed. But  its  ba»e  is  raised  above,  never  depreated  below,  tW 
surface^  while  it  foniis  a  less  pliable  and  more  nrnlular  niasi^  Om- 
sionally  when  it  is  of  considerable  size,  its  pleural  covcfring  may  br 
(>|iaquc  with  inflammatory  exudation.  On  section,  the  ineoawnie 
|Mitehcs  may  be  distinct  or  iU-de6ned ;  they  usually  rntigr  in  «i>r  frro 
a  small  |>ea  to  a  haxol-nut.  The  surface  of  the  »ectwin  tmd*  Ui  hat 
slightly  alMve  the  surrounding  tissue :  its  substance  is  doti,  IriaUc, 
o|>aque-looking,  Mnto<ilh  or  faintly  granular,  at  first  dark-red  In 
then  fuiHsing  through  greyish-red  to  greyish-yellow — tiie  lighter 
being  centnd.  A  turbid  red  or  greyish  juice  ran  t>e  pretacd 
NeighlKiuring  lobular  jwitches  ofleji  blend,  and  a-s  the  ditfuae 
tion  thus  formed  becomes  paler,  flrmer  and  drier.  It  not  in 
rc»iend)lc^  in  appearance  ordinary  grey  hepatlaalion.  Somrtlincs 
pneumonic  procesH  is  found  involving  patches  of  cotlapKC.  lliCM 
sequently  become  swollen,  opaque,  and  (rdemaiousw 
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Wlien    broncho-pneumonia   is   so  extensive  that  the  consolidation 
practically    "lolmr,"    it   is   diffirult   to   distinguish    it   from   ncute 


Fig.  igx — ffrwiA^Pneuimtrtiii. — From  a  child  aged  four,  wilh  capillary 
bronchicis.  A  section  of  one  of  the  pniches  of  consolidfltion.  Show- 
ing the  stufline  of  ih<-  alveoli  wi[h  what  appears  in  the  main  to  br 
inhtiled  bronchial  secretion,     x  aoa 

pneumonia.      Kvidencc    of    the    blending    of    lobular    masses,   and 
ipccialty  the  presence  of  outlving  mHluIes  in  the  neiKhlxmrhood  of 


Fig.   I9J.  — Ca/iirrAd/  PfifHmomia.      From  a  case  of  acuie  phthisic 
Showing  the  Lirge  epUhellal  cells  which  fill  the  alwolu     x  aoo. 

the  main  mass,  are  the  most  important  points  to  look  for.  Absence 
of  infUmmatory  lymph  from  the  pleural  surface  is  evidence  against 
acute  pneumonia ;  but  it  must  be  remembered  that  such  lymph  may 
form  over  a  broncho-pneumonic  area. 
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In  cases  of  jrejttic  broacho-pnt'uiiiunm^ — tiic  citmmooest  ca 
death  afVcr  oporatiuiis  ou  the  jaws,  mouth,  aiiil  phan'itx— ifuAeHl  of 
the  nbove  solid  patches,  al>srr»ies  occur.  ThcAc  nften  eotitain  ■lain|;fai 
of  lung-tissue  and  are  sometimes  fcetid :  such  »)ouf*Kv  are  curTomided 
by  more  or  less  extensive  consolidation  ;  and  inflaminatorj  hypcmaift 
and  (cdema  of  the  lun^  are  marked. 

Microscopically,  in  the  early  red  htage,  the  alveoli  contain  HuitH,  rrd 
corpuscles,  and  a  few  leucocyte^,  while  the  alveolar  epithelium 
swollen  and  granular :  thi^  latter  change,  according  to  Fficdliliider. 
due  merely  to  imbibition,  aiid  does  not  indicate  any  actlvitjr  on  tlic 
part  of  the  epithelial  cells.  Next,  Uic  idvcoli  brc«»mr  6Ucd  wiUk  a 
cell-mass,  coubisting  of  leucocytes  and  cost-oH*  epithelium  in  rmrym^ 
proportions — leucocytes  being  in  cxcesa  in  the  more  acute  (Fig.  198^ 
and  epithelial  cells  in  the  more  chronic  forms  (Fig.  193).  la  tibe 
most  acute  cases  (septic  bronchr>-pncumonia),  cither  MippufBtim  tmA 
sloughing  occur,  or  hirmorrhagic  exudation  with  sutwcqucnt  gmMignMt. 
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TERMINATIONS  —  Resolution  is  the  most  common 

tion.  The  contents  of  the  alveoli  undergo  fatty  mcUunorpboii^  mmI 
are  removed  by  ex]>ectorntion  and  absorption^  the  liuig  gfadnOf 
regaining  its  nonnal  character.  This  procesfl,  however,  is  Iraa  nu30f 
affected  than  in  crou|M>us  pneummiin,  and  it  often  ocettpies  wrh  a 
lengthened  period  that  some  thickening  of  the  tironchial  and  alrcvilflr 
ivalls,  with  diliitation  of  the  smrdler  bronchi,  remains.  In  chronic  oks 
this  fibroid  thickening  is  much  more  marked ;  and  mmhViaMt^ 
irregularly  diHtribnted,  pigmented  induration  and  bronchUl 
may  l>e  priKlueed  (p.  y^'.i).  hi  these  chnmrc  formft,  caa«ntloa 
times  affects  the  contents  of  tike  alveoli,  whicJi  then  become  encapnilcci, 
or,  In  quite  exceptional  eases,  disintegrated;  but,  nnlcu  tJie  coatrvy 
is  demonstrated,  all  such  cases  may  reMonably  be  regarded  «s  tftbo^ 
cular. 

Hypostatic  Pneumonia. — .Allusion  mu«t  lie  made  to  ■  Uwmaf 
lung-consolidation  whicli  is  often  de.scril>ed  as  pneumonic,  but  iifaftch, 
in  reality,  is  for  the  most  \uiTi  not  inHammatory  in  its  nature.  Thb 
is  the  soH'alled  hypi>f»tatic  pneumonia.  This  couditJun  i%  met  wftk 
at  the  bases  an<l  most  dependent  portions  of  the  lungs  In  the  oo«np 
nf  ImiIIi  chronic  and  acute  diseases,  and  altio  in  the  agctl  and  t^trHlh 
tated.  It  consists  in  the  main  of  collapxe,  meohaninU  hypennnii^ 
and  cedema  of  the  lung-tissue,  resulting  from  weak  Imfiiratory 
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feeble  circulation,  and  gravitation.  The  consolidation  thns  mechani- 
cally induced  is  increased  by  more  or  less  exudation  of  liijuor  sanguinis 
and  blaod-cor]iuscles  into  the  atveoli.  This  exudation  is  due  to  the 
damage  of  the  walls  of  the  capillaries,  caused  by  the  imperfect  circulation. 


Interstitial  or  Chronic  Pneumonia. 

Interstitial  or  chronic  pneumonia  is  characterised  by  a  gradual 
incrcjise  in  tiie  connective-tissue  of  the  lung,  which  leads  to  an 
induration  of  the  pulmonary  texture,  and  to  progressive  obliteration 
of  the  alveolar  cavities.  It  is  commonly  associated  with  catarrh  and 
dilatation  of  the  bronchi,  and  often  with  ulceration  of  the  bronchial 
walls  and  excavation  of  tlie  indurated  lung. 

JCTIOLOGV. — It  is  very  doubtful  if  interstitial  pneumonia  is 
ever  a  primary  and  independent  affection.  In  the  large  majority  of 
cases,  it  is  secondary  to  some  inflammation  of  bronchi,  alveoli  or 
pleura  :  it  results  also  from  persistent  atelectasis  or  collapse.  It  may 
be  stated  generally  that  all  inflaminAtory  processes  in  the  lungs,  when 
they  become  chnmic,  lead  to  an  increase  of  the  connective-tissue,  and, 
consequently,  to  Hbroid  induration  of  the  organs. 

Syphilis  certainly  gives  rise  to  a  gummatous  and  probably  also 
to  a  diffuse  interstitial  pneumonia  in  children  suffering  fnnu  the  con- 
genital form  of  the  disease:  of  the  latter  variety,  ver)'  little  is  known. 
In  adults,  syphilitic  changes  in  tlie  lung  are  rare :  it  is  very  difficult  to 
^l>c  abnolutely  certain  of  the  nature  of  some  localised  fibroid  changes. 
"  Brown  Induration"  (p.  218)  has  been  already  described,  and  will 
lot  be  further  discussed.  The  cliief  causes  of  interstitial  pneumonis 
ire  : — 

I.  Croapous  Pneumonia. — The  consolidation  of  acute  croupous 

pneumonia    usually    undergoes   complete   and    rapid    resolution;    but 

occasi<jnally  this  is  more  protracted.     Then  the  hepatised  lung  tends 

to  become  slightly  indurated,  mainly  owing  to  thickening  of  the  walls 

»f  the  alve(»li.     This   indurated    he])atis;ition  differs  but   little   in   its 

khysical  characters  from   ordinary  red   and    grey  hepatisation :   it   is 

simply  M)mewhat  firmer,   more  rcsisbint,  and  less  granular.      In   very 

[xceplional  coses,  this  small  amount  of  induration,  commencing  in  the 

IvcoUr  walls,  may  gradually  increase,  so  as  ultimately  to  give  rise  to 

that  extensive  fibrosis  of  the  lung  whicli  constitutes  what  is  usually 

known  as  interstitial  pneumonia. 
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2.  Broncho-pnenmonla. — Broncho-pneuinonU  i«  a  4onirwhal  aorr 

frequent  cause  than  the  preceding.  Hie  greittcr  liability  of  this  farm 
of  pncumouia  to  lead  to  pulmonary'  indumtion  is  to  be  accouDtcd  Itr. 
{NLTtl^'  by  its  longer  duration  and  greater  tendency  to  brcomc  chnaie, 
and  partly  by  the  existence  of  bronchial  dilatation,  with  which  It  is  m» 
frequently  associated.  The  existence  of  this  dilatation  fi«iiitn  tbc 
persistence  of  the  catarrhal  and  pneumonic  proccw.  The  rciiMMral  laf 
secretion  is  rendered  difficult ;  and  the  retained  v<;<*rction  Irmli  I0 
keep  up  and  increase  the  irritative  process  Ixith  fcn  tlie  dilated 
and  the  pulnionnr^'  alveoli,  and  this  persistence  of  the  broachlal 
pidnionar}'  inflammation  leads  to  fibroid  thickening  of  the 
and  alveolar  walls.  In  this  wny^  areas  of  fibroid  indumtion  mn  |Hik 
duced,  which,  a.s  the  process  extends,  may  iiltiumt<>ly  involve  l>r|ce 
|K>rtions  of  the  lung.  Hie  pntgretitiive  tendency  of  the  prvrcvi  ii, 
probably,  partly  to  be  explained  by  the  fact  that  pulmoiuiry  fi broth  ii 
itself  a  cause  of  Immchial  dilatation  ;  when,  therefore,  fibriMis  t*  oficr 
established,  the  new  tissue  in  eontrneting  induces  further  diUiatitm  of 
the  bronchi  ;  and  this  again,  as  before  explained,  favours  the  fttill 
further  extension  of  the  bronchial  and  pulmonary  induration. 

Under  this  head  may  also  be  included  thoM  ease*  of  indumtioo  Mid 
ulceration  of  the  lung  which  result  from  obstruction  of  a  main  bfUPcJiM 
— such  as  is  produced  by  the  pressure  of  an  aneurysm.  Here  the 
retained  bronchial  secretion  sets  up  inflanmmtnry  change*  in  the 
bronchial  and  alveolar  walls,  which  gradually  lead  to  indurmtititi  mad 
ulceration  of  the  lung. 

S.  The  Inhalation  of  Solid  IrriUtiuf  Particlea.— This 
of  irritation  is  the  cause  of  the  tibrosis  of  the  lung  *.n  common 
miners,  pf>tters,   stonemasons,  grinders,  and  olhrrs.      Thr 
irritation  of  the  inhaled    particles    induces    a    bmnchial  and    alteolar 
inflammation,  and  ultimately  a  progressive  fibruAiM,  with  di 
ulceration  of  the  bronchi.     Such  cases  oAen  become  tubcrcnloaa. 

i.  Plenrisy. — This,  in  exceptional  cases,  Icail*  to  the  devel 
of  an  interstitial  pneumonia.  Such  a  result  \%  mo%t  likely  to  isccttr  in 
those  cases  of  pleurisy  which  are  more  or  less  chrcmie,  and  in  mhkk 
the  effusion  remains  long  unnb«iorl>ed.  The  tiidiiralion  thus  lodared 
is  often  partial,  coUMsling  merely  in  an  increase  of  the  int 
connective-tissue,  originating  and  extending  inwardt  ai  deme  bi 
from  the  thickened  visceral  pleura.  In  other  cases,  pleurisy  gim 
ti)  a  much  more  general  fibrosis. 

5.  Atelectasis,  or  failure  of  part  of  the  lung  to  expand  after 
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and  persistent  collapse  lead  to  marked  cirrhosis  of  the  affected 
area.  I^ter  un,  broncluecta&is  aud  ubliteratian  of  must  of  the  alveoli 
occur.  The  original  positions  of  the  latter  may  be  merely  indicated 
by  a  few  epithelial  cells. 

MORBID  ANATOMY.— The    apj>eaninces  presented    by  the 

lung,   when    the    fibnisis    is    general    and    well   advanced,   are    very 

characteristic.     The  organ  is  diminished  in  size ;  the  tissue  is  smootli, 

lensc,  firm — in   parts  almost  cartilaginous  in  consistence  ;  and  it  is 
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FrG.Y94. — InUntitiai Pneumonia.  From  ,t  c,*^.-  of  unitateral  "ciirhosis'* 
of  ihe  lung.  The  bronchi  were  much  dilaicd,  and  there  was  a  com- 
plete absence  of  any  caseous  change.  The  drawing  shows  ihe  new 
fibro-nucleated  growth,  both  in  the  alveolar  «a1ls  and  in  the  inter- 
lobular tissue,  also  the  pigmentation.  At  a  a  divided  vessel  is  seen. 
With  a  Iiigher  power,  a  delicate  reticulum  is  visible  between  the 
cell -elements,     x  loo. 

irregularly  mottled  with  black  pigment.  The  alveolar  structure  of 
the  lung  is  in  most  parts  completely  destroyed,  aiid  on  section,  the 
dilated  bronchi  are  seen  as  numerous  large  openings  scattered  over  its 
surface.  These  dilated  bronchi  frequently  become  the  seats  of 
secondary  inflammatory'  processes,  wliich  may  lead  to  ulceration  and 
ultimately  to  exteiuiive  excavation  of  the  indurated  tissue ;  but  there 
Is  a  complete  absence  of  any  of  those  caseous  changes  which  are  so 
characteristic  of  ])hthisis.  This  secondary  inflammation  of  the  dilated 
bronchi  is  induced  by  the  irritating  and  often  putrid  secretion  which 
tliey  contain,  and  which  is,  as  a  rule,  incompletely  removed  by  expecto- 
ration. The  pleura  is  considerably  thickened  and  generally  adlicrent. 
Microscopically,  a  distinct  fibro-nucleated   tissue   is   found    in   tlie 
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interalvcolar,  pcnbronchial,  and  interlobular  cnnnc^tirc-tlnoe. 
new  growth,  as  it  increases  and  contracts,  jrmJualljr  replACM 
obliterates  the  alveolar  structure.  l*he  character  of  tbeae 
however,  varies  somewhat  according  to  the  nature  of  ihc 
antecedents  in  which  they  nrijfinate.  When  the  rpsult  of 
fmrumonm,  the  priinary^  an<l  nsuully  the  prinri|Mil,  change  takes  plac* 
in  the  walls  nf  the  alveoli  (Fig.  ipi),  althdugh  ultitnatelr  the  him* 
lobular  tissue  is  involved.  The  alveolar  walls  l>cromr  thickened  by 
the  growth  of  a  smalt-celled  tissue,  which  prc'sont<  all  the  appear 
ances     fomid    in     embryonic     tissue    whicli     is    undergoing 


I 


nwrol  of  tntraalvrolor  cxudaiion  ('m:"Ki':i-  lt|.--..j  v^-.^u  .irr  *-^-n 
distributed  in  ihc  eKud4tioQ-proilui.i«  :  Uicsr  hhx-l-\r-.i^l5  corn 
municiktr  with  thoM-  In  the  nlvroIfU'  walls.  The  jS»i  )  :i  wrill*  a'--- 
alao  thickrned  by  a  riltro-Dticlf^ti^l  grovrlh.     x  too,  ahiI  mluoctl  ^ 


tevelopment.  The  new  growth,  in  its  earlier  vtageai,  eoataittt 
blcN^d-veascls,  but  later  nn  the  tissue  eontraets,  and  many  of  these 
destroyed.  The  alveolar  cavities  which  are  not  obliterated,  are  either 
empty,  or  contain  exudntion-prmlucts  or  a  few  epithelial  eetlft.  la 
addition  to  the  giviwlh  in  tlir  nlvcoUr  witlls,  the-  author  bes  net  wMk 
three  canes  in  which  intra-alvtuilar  exudatirm-priKlMct*  were  undergoing 
Fibroid  development.*  'i*hcrc  waui  nothing  peculiar  Iti  tlic  mmcnmeofie 
characters  of  the  lungD,  but  the  alveoli  were  found  filled  with  a 
Hbrinoiis  meshwork  and  Icuroej'tes,  ftomewhnt  iiniilar  to  that 
with  in   red  hc|Mitisation  (Fig.   I  **."•).     Thry  difiVrrd,  hnwcrcT,  ID 

*  For  ooe  of  tbne  sptrfimcns  the  luitlior  is  imScbtetl  to  Dr.  Goodl^n.  who 
case  la  the  Tpomx.  fatJt.  Scf,  l^omi, ,  vol.  xw.  p.  33. 
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respect — that  m/uiy  of  the  cells  were  long  and  f.piii(lle-sha|ied;  and 
blood-vessels  were  distributed  amongst  them,  tliese  blftod-vessels 
communicating  with  those  in  the  alveolar  walls  (Figs.  1^3  and  1 96). 
The  alveolar  walls  also  were  thickened  by  a  fibro-niicleated  growth. 
It  was  therefore  perfectly  obvious  that  in  these  lungs  the  product*  of  a 
previous  acute  croupous  pneumonia  were  becoming  vascularised  and 
undergoing  development  into  a  fibroid  structure,  and  that  tliis  intra- 
jiiveolar  change  was  the  pnnci|Mil  cause  of  the  fibroid  induration  of  the 
organs. 

When  the  fibrosis  is  secondary  to  an  ordinary  hrvitclio-jmeumnnia,  or 
to  that  induced  by  the  inftaUtiion  of  irritiUhig  solid  pnrikU's,  the  new 


Fig.  it^.— Chronic  J'tuuuti/Ki.:.  A  por;iun  wi"  the  :atraalveoUr  exudd- 
tion-proclucts  (Fig.  195)  more  highly  magnified.  Snowing  the  elon- 
gated spindlc-cclU,  itie  fibnllalioii,  und  blood>vcsseU  contunmg 
blood-<:orpu&dcs.     x  aoo. 


growth  also  originates  principally  from  the  alveolar  walls.  Here, 
however,  the  growth  in  the  earlier  stages  is  less  unifonn^  and  the 
perilmmchial  and  interlobular  connective-tissue  play  a  more  promi- 
nent part  in  the  process  (Fig.  19"). 

The  pleurogenic  form  results  chiefly  from  empyemata.  Here  the 
new  6brou.s  tissue  extends  inwards  in  bands  along  the  interlobular 
lymphatic  vessels  which  conununieate  freely  with  those  of  the  thick- 
ened pleura  ;  thence  it  spreads  to  the  peribronchial  tissue.  Tlie  lung 
is  thus  surrounded  by  a  dense  capsule,  mid  a  meshwork  of  anastomosing 
fibrous  bands  permeates  its  aubstance,  compresses  the  alveoli,  aiid 
deforms  the  bronchi.     More  or  less  bronchitis  is  usually  present 

Atelectasis  and  collapse  arc  said  to  lead  first  to  slight  haemorrhages. 
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The  subsequent  changes  in  the  b{cmoglfibin  lead   to   the 

(p.  88)  of  some  of  the  black  pigment  usually  fomid   in   fitvold 


Fig.  197.  —  Chromic  BnnuAiiit^     Stowing  the  new  crowfh  uf 

nuclboted  tiinie  Aroand  Um  bronchus  ^.  and  the  way  in  vrhkh  tMt 
Ussae  U  invuUnf  the  walls  oX  the  udjAoeni  idveoli.  r.  A  fUxtdad 
blood-veascL     x  loow     Roduoed  |. 

owning  this  origin.     The  alveolar  w»Us  IxTonu*  fibroid,  thr  rpitl 
ift  more  or  less  slied,  and  Uie  surfaces  ut*  the  wjUU  utUiuatciy  cubcrcL 


PXn.MONARY  PHTHISIS. 

By  Polmonary  Phthisim  is  understcKHl  a  diseafic  of  the  lungs 
is  charactiTihcd  by  progressive  coiiM>lidation  of  the  pulmonary  Xrx' 
luid  by  subsequent  softening  and  diMtitegrntion  of  much  of  tbc 
consolidated  tissue.  The  up|>cr  purtioiih  of  the  organs  air,  in  atnnaC 
all  cases,  tlie  first  to  become  involved. 

Respecting  the  nature  of  the  morbid  prooessca  whJrh  lead  tci  thii 
consolidation   and  disintegration — vnrious  opinion*  have  fr  ■    u* 

time  been  held  by  juithologiftts.      According  to  tlic  older  .  i<h 

w«re  baaied  upon  the  teaching  of  Laennec,  phthiw  wa»  regmnini  te 
all  eaitea  a»  a  tabercalons  disease.  Tubercle  vras  looked  upon  m 
a  non-inflammatory  growth  which  was  characterised  bjr  the 
degeneration  which  it  invMrinbly  underwent ;  «nd  thi« 
morphosis  was  held  to  be  such  a  dintinguihhing  peculiarity  of  the  giwtk. 
that  all  caseous  rouses  cmme  to  be  rts«rdcd  as  tubemaloas,  and 
phthisis^    in    which    caseation     plays    such    a    prumincnt    pftrt,    vas 
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consequently  regarded  as  a  tuberculous  disease.  Tlie  various  consoli- 
dations of  the  pulmonary  tissue  in  plithisia  were  described  as 
"  tnfiltmted  tubercle,"  and  tubercle  in  Bomc  form  or  other  was 
reganled  as  so  essential  a  constituejit  of  the  disease,  that  "phthisis  '* 
and  "  pulmonary  tuberculosis"  came  to  be  synonymous  terms.  When 
the  application  of  the  term  tuhercle  became  limited  by  \irohow  and 
his  followers  to  the  gny  granu/tUion,  it  vas  evident  that  these  \iews 
■were  no  longer  tenable,  and  many,  in  accordance  with  the  advocacy  of 
Niemeyer,  regarded  phthisis  as  a  form  of  progressive  caseous  pneumonia, 
which  was  quite  independent  of  luberelcj  although  tubercle  might 
[<K;cur  as  a  secondary  and  accidental  complication.  It  was  then  said 
tliat  some  cases  of  phthisis  were  tubercular,  and  that  others  were  not ; 
and  attempts  were  made  to  subdivide  the  disease  inln  distinct 
patholt»gical  varieties,  according  to  their  anatomical  and  histological 
characters.  In  this  way,  iubctvu/oMj  pneumonU^  and  ^fihraid  phthisis 
were  distinguished  from  one  another.  Our  present  knowledge  of 
tuberculosis,  .md  especially  of  its  a.'tioIogy,  necessarily  involves  con- 
siderable moditimtion  i.i\'  these  views.  Before  considering  the  patho- 
logy, however,  it  will  be  well  to  study  the  histology  of  the  disease. 


HISTOLOGV. — The  histological  changes  in  the  lungs  which  occur 
in  pulmonar\'  phthisis  are  similar  to  those  met  with  in  these  organs  in 
acute  miliar}'  tuberculosis.  They  differ  mainly  in  this  respect — that 
wliilst  in  miliary  tuberculosis  these  changes  are  limited  to  small  areas 
(being  due  to  the  distribution  of  bacilli  by  the  blocid,  and  to  their 
deposit  here  and  there  in  the  pulmonary  tissue),  in  phtliisis  they 
ultimately  iwiWiv  much  wWer  tracUf  of  tissue.  Further,  phthisical 
ennsnlidatitm  is  lohuialed  in  its  distribution,  owln^  to  the  fact  that  the 
irritant  causing  the  inHammation  generally  gains  access,  and  is  often 
redistributed  through  the  medium  of  the  bronchi.  This  lobulated  dis- 
tribution of  the  consolidation  is  exceedingly  characteristic;  and  even 
in  those  acute  cases,  in  which,  owing  to  the  rapid  and  extensive 
implication  of  the  lung,  the  consolidation  may,  to  the  naked  eye, 
appear  almost  as  uniform  as  that  in  croupous  pneun)onia,  the  micro- 
scope will  usually  rcvc&l  a  lobular  di.stribution  (Fig.  \\)\^). 

The  structural  changes  met  with  in  the  lungs  in  plilhisis  are  mainly 
of  four  kinds:  (1)  an  accumulation  of  epithelial  cells  within  the 
pulmonary  alveoli ;  (2)  the  presence  within  the  alveoli  of  a  fibrinous 
exudatifm  and  leucocytes;  (.S)  a  cellular  inBttration  and  thickening  of 
the  alv|:olar  wallsj  together  with,  in  most  c«se«,  a  bimilar  change  in 
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the  walls  of  tlic  tcmuiuil  bronchioles  ;  and  (4)  au  ittcrcMii  Id 
interlobul/ir  ctninectivc-Ussuc.  These  four  kiiidn  of  morft»d 
are  very  ounstfuitly  assoctnte<l,  althouffh  in  very  UilTerrnt  degree*; 
and  some  of  them  are  mure  prumineut  luid  characteristic  tlun  nthm. 
The  ]irr)M>ndernnce  of  one  or  otlicr  o(  thfiii  producea  those  TarifttiMM 
in  the  phyMcal  cliHractcrs  of  the  hin^x  which  are  loei  with  iD  the 
dilFcrent  stiiges,  and  in  the  different  varieties,  of  the  <liftra*r.  Thne 
various  structural  changes  must  now  be  considered  Keparatcly, 
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Fig.  198. — .-ttafe  Phlhifis.    A  Iran'—' 
{iur-pas>3a^)  and  the  sutruu     . 
character  of  the  pulmotuuy  (.-' 
oooUunioc  a  Utile  mociUL     x  5a 


with   the   more   important   alterations   which    they   pn>di 
physicHl  ohji meters  of  the  organs. 

1.    An    acframolation   of    epithelial   cells  witMn   the   pal* 
monary  alveolL — lliis   is  one  o{  tJ»c  most  frrci«cnl  rhMt)j;f>  itwi 
with    in    phtliiHis,   and    is   precisely  similar    to    that   «hirh    Uim 
already    described   as    occun*!!!]^   tji   cat^irrhal    pncuiuuuia   (Fijc- 
p.  5U>).      The  alveoli  are  found  filled  with  Urge  nucleated  clcmetlt*. 
apparently  the  offspring  of  tlie   epithelial  celU  normally   lininic  Uk 
alveolar  walls  (Fig.  199}-    ^^  some  acute  cases  of  ]Uithisw,  tills  alveatir{ 
aerunnilation    may   rnnstitute    ahnoHt    the  only   m<»rbid    ehani^^, 
although  there  is  always  m^uk-  cell-infiltration  of  tlw*  alvroLar 
the  great  bulk  of  the  putnionary  conMilidation  is  due  to  tin;  vtufiaf 
of  the  alveolar  cavities  with  catarrhal  products  (Fig.  2iK)).     In 
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parts — those  in  wliicli  the  change  is  the  most  recent — the  large  cells 
rhicli  fill  the  Jilvcoli  and  the  alveolar  walls  will  be  found  iHit  little 


Fw.  199.— ^iw/r  PktMini. — Showinff  one  of  Ihe  atveoli  fillwl  with  epithclini 
elements,  And  marked  cell-infiUration  of  the  alvpoUir  wall,      x  30a. 


Fic.  aoo.—Sectiopf  of  Lun)^  from  a  Case  of  Acute  Phthisis.  Showing  that 
the  consolidation  consists  almost  exclusively  of  prodtict^  accumulated 
Mrithin  the  alveoli.  In  some  f>arts  a  free  space  is  seen  between  tba 
alveoUr  wolU  and  theix  contents ;  this  Is  dui:  simply  to  the  shrinking 
of  the  latter  caused  by  (he  hardening  of  the  specmien.     x  5a 

Altered  ;  but  in   the  ^eater   portion  of  the   consolidjited   tissue,  the 
celU   will   be  seen  In  vafIuuh  stages  of  retrogrci»bive    nietamor|ihonflr 

S  L 
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untl  the  alveolnr  walls  destroyed  ;  whilst  lii  those  ttaeU  ot 
which  the  process  is  niost  advanced,  all  trace  of  ftmclure  is  \atiL,  and 
nothing  is  seen  but  a  granular  debris.  These  chaoses  are  |BttfiMlf 
analogous  to  those  met  with  in  many  of  the  larger  DodaUr  iMlm  of 
acute  tuherciildsis  (Fi^s.  145  and  \^'^,  p.  410). 

S.  The  presence  within  the  alveoli  of  fibrinons  extidatlm 
and  lencocytes. — This  is  less  frequent  than  the  preceding  (Fig.  W\y 
The    exudation-products   are    similar   to  those    which  fill  the  wX\ 
in  ordinarj'  croupous  pneumonia  (Fig.    190,  p.  512),     The 
however^  is  usually  not  so  abundant,  neither  is  the  fibrillation  qoite 


w 
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Fig,  aoi.— ^iw/r  Plukisis.     Showiag  one  of  tb«  alveoU 

fibrinous  exudation  and  leucocyte*,  uid  some  odloUr  infiliraUan  tA 
the  alveolar  waA.     x  aoo. 


so  distinct.     In  the  most  acute  forms  of  phthisis,  this  may 

the  principal  cause  of  the  pulmonary  consolidation,  but  It  Is  Mastty 

associated  with  more  or  le^ui  epithelial  proliferation. 

The  appearances  presented  by  the  lungs,  in  tliose  caaes  hi 
tlie  pulmonary'  consolidation  is  due  mainftf  to  any  of  the  iutni  ■IrcaJT 
dianges  above  described,  are  very  characteristic.  The 
tissue  is  soft  and  friable,  breaking  down  very  readily  under  the 
nnd  there  is  complete  absence  o(  any  induration.  TTie 
although  sometimes  almost  uniform,  generally  presents  a 
lobulated  outline,  indicating  the  implication  of  different  gnmps  of  the 
pulmonary  lobules  (p.  518).     The  colour  varies  from  a  reddish  to  a^ 
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»l!owish-grey  ;  while  small  portions  of  a  more  decidedly  yellow  tint 
re  often  scattered  through  the  consolidated  mass.  These  scattered 
areas  correspond  with  those  parts  in  which  the  retrogressive  changes 
we  the  most  advanced,  and  tliey  are  even  softer  in  consistence  than 
the  surrounding  tissue.  In  many  parts,  the  consolidated  tissue  will 
be  found  broken  downj  so  as  to  form  cavities  of  various  sizes.  These 
usually  |K>ssess  irregular  walls,  which  are  quite  soft  and  friable,  like 
the  sohd  tissue  surrounding  them. 


(•  ^'li^ii*/ 


Fig.  303. — Seeiiom  of  Lung  from  a  ease  of  tomewhat  Chronic  Phthitis, 
Showing  the  (hickenlng  of  the  alveolar  walls  by  a  tibro- nucleated 
tissue  resembling  l)'niphoid  its&ue;  togetho-  with  an  accumulation 
of  epithelial  cells  within  the  alveolar  cavity.  The  latter  are  under* 
going  reCtogTCisive  changes,      x  aoo, 

3.  A  cellular  infiltration  and  thickening  of  tbe  alveolar 
walls,  and,  in  most  cases,  of  the  walls  of  tlie  terminal  bronchioles. 
This  is  the  most  characteristic  phthisical  lesion;  for  while  it  is 
eowttnntlif  dissociated  with  the  above  I'n/m-alveolar  changes,  it  is  otdy 
ptiotuilhf  present  in  the  more  acute  pulmonary  inHammations 
'previously  described.  Its  extent  varies  considerably  in  different  cases. 
The  change  is  precisely  similar  to  that  which  has  been  already 
[escribed  as  occurring  in  acute  miliary  tuberculosis  (p.  Ul).  In  its 
irlier  stages,  a  few  small  cells  are  seen  infiltrating  the  alveolar  septa, 
which  are  thus  slightly  thickened  (Figs.  199  and  201).  As  the  change 
proceeds,  the  number  of  these  cells  increases,  and  from  them  an 
im{>erfL'ct    tibro-nucleated   structure    ib   developed   (Fig.    202).      This 
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structure  h  ulways  imperfectly  supplied  witJi  new  Mnml-vesrlt.  Sm 
the  new  tissue  develops  in  the  alveolar  walK  i^  ir^dually  nhUtcxBta 
An<l  rcplnreH  the  alveolar  OAvitics ;  so  that  whilst  Ui  fkotne  portiaftf  tW 
thick-walled  alveoli  may  be  found  still  containing  cpitltclbU  elemcBb, 
exudation-products,  or  even  giant-cells,  in  others,  lurgc  treda  wlU  be 
Been,  consisting  almost  entirely  of  the  smalt  celled  growtli.  The 
development  of  this  new  non-vascular  tissue  in  the  alveolar  walU  tcadi 
to  the  partinl,  or  even  complete,  obliteration  of  tbe  polmoiaarf 
capillaries,  which,  as  will  be  seen  subsequently  (p.  <^^H),  eouttitutca  an 
important  clement  in  the  causation  of  the  rrtpograde  chanirea. 

Tlie  changes,  which  may  subseciiicntly  bike  place  in  this  alvrolar 
growth,  varj-.  'I'he  infdtraled  septa  may  rapidly  break  down  befiirr 
any  marked  thickening  or  develojimcnt  of  new  tissue  has  had  time  Ia 
occur ;  whilst  in  other  less  acute  cases,  there  is  a  con'-i.^  '  '  develop- 
mcnt  of  the  imiK-rfect  fibro-nncleatcd  tissue.     Yet.  j*^  ^Ids  uay 

remain  as  a  more  or  less  pcrm/mcnt  structure,  it  usually  undcrf[«Ka  in 
Its  turn  retrogressive  metamoqjhosiM  (p.  5^7).  These  two  kind*  nf 
change  are  very  often  found  simultaneously  iu  Uie  alveolar  walU  of 
different  parts  of  the  same  lung.  In  those  ]X)rtions  in  which  the  new 
tissue  is  undergoing  degaifratitm,  it  will  be  seen  to  have  become 
converted  into  a  structureless  granular  debris,  together  with  mxij  ccUs 
which  may  be  contained  within  the  alveoli;  whiUt,  in  the  imnmllaftc 
vicinity  of  these  degcneruted  fiortions,  a  more  pr  niinni  nf^j^ftm  ■wVflirf 
ttruciurt  may  be  found. 

Respecting  the  alteration  which  the  growth  of  thia  HnallnxDed 
»ue  produces  in  the  physical  characters  of  the  \\mg^ — U  tomy  be 
ittated  generally  that  it  usually  leads  to  ninrc  or  lr»«  indurntton  ^  tlw 
pulmonary  texture.  The  extent  of  this  induration  will  rwy  accoiAif 
to  the  characters  of  the  new  tissue.  If  the  tiimie  renuhi  alnost 
entirety  cellular — as  is  the  case  when  it  is  ver^'  rapidly  fomed,  aMil 
when  new  vessels  do  not  develop— it  will  proiluce  little  or  no  indauA- 
tion  of  the  pulmonary  consolidation :  and  thiK  consolidation,  cotudfttiMg 
mainly  of  degenerating  celU  both  in  the  waJU  and  oavitiea  of  tbe 
alveoli,  will  be  soft  and  friable  in  consistence,  much  rrwiablliiy  thai 
already  described.  When,  on  the  oth^r  hand,  as  Is  more  fivqaenlfy 
the  case,  there  is  any  considerable  development  of  the  imperfect  Ah^ 
nucleated  growth,  when  the  reticulum  U  dense  and  abundant,  aarf 
when  vessels  develop  and  )>ersisl,  there  will  be  a  oormpomltof 
induration  of  the  cunstolidated  tissue.  In  many  ouca,  tbeac 
produce  uniform  tracts  of  indurated  consolidation  of  a  grejrfiah 
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lottled  wth  blrtck  piginent.     Scattered  here  and  there  amon^  them, 
wy  be  seen  yellowish  |Mitches  corresponding  to  the  portions  which  have 
'tindergone  retrogressive  fatty  changes. 

4.  An  increase  in  the  interlobular  connectiye-tissne. — Tliis 

is  met  with,  to  a  greater  or  Ie?vs  extent,  in  all  the  more  chronic  forms  of 

phthisi8.     I'his  tj$.sue,  which  surrounds  tlic  bronelii  and  blood -vesselfl^ 

id  contributes  to  the  formation  of  the   alveoli,  is   found   not  only 

icretsed  iji  amount,  but  also  altered  in   character.      In  the  eorUer 


gniwlh  sirnmndiBg  axtd  cr 
portioa  <4  Ibe  ooitteUducd  »u..^. 

•tages  of  iu  derelopment,  tt  contain*  nuacfooi  bbmII  ccUi;  mad 
although  many  parts  of  it  may  resemble  the  ifiDWth  in  the  alveoUr 
walls,  its  structure  m  owre  like  that  net  with  at  the  result  of  chrooie 
indorativc  pfuicMii  in  other  ot^bm.  It  his  a  nwch  greater  teadcucy 
to  become  derelopcd  into  a  fibrDid  tisoe  tlMn  tiie  tntcxalveoUr  growth, 
and  it  is  rarely  the  te*t  d  tbo«e  retrognde  change*  wliicfa  are  lo 
frequent  in  tlie  tkane  originating  in  the  alveolar  waUn  A«  ■■■fly 
let  with,  it  rtmwMn  citlkcr  of  wary  fibres  or  of  a  more  or  itm  retiooUteJ 
icture,  witii  a  wyii^  wanber  of  lonad,  n^ndfai  •heprH  or  braadied 
cells  CFig.  tOSy    Intiiwhdiiil  vtth  tbme,  is  am*  chco,  are  gtaoaia 
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of  black  pigment.  These  differences  in  the  pathologic*] 
And  structure  nf  the  interalveoUr  and  intcrlobuUr  i^wtht  wj 
corrcs]x)ndiiig  difTerences  in  the  amount  of  their  VMColmr  sapiiljr- 
Uliereos  in  tlic  hiicraitTolar  growth,  the  puhnunarjr  ca^iUlftriea  beoOMc 
obliterated  and  new  vessels  are  rarely  foruied>  or  if  fonncd«  ur  oAcn 
&ubsc(|ucntly  destroyed ;  in  the  micrUthnhr  frrowlh,  the  new  rcMBb 
funned  generally  persist.  In  the  must  chronic  ca^^  of  phthlaliiy  tMi 
interlobular  fibrous  growth  may  constitute  the  jMredomiiUAt  stnactanl 
change,  and  large  tracts  of  the  pulmonary  texture  may  he  fbond 
completely  replaced  by  it  (p.  523). 

All  increase  in  the  interlobular  connective-tissue  in  [ihlhiiji 
inasmuch  as  the  new  tissue  tends  to  become  dense  and  fibmM  k»di 
to  extensive  induration  of  the  pulmonary  texture ;  and  further,  owiiif 
to  the  contraction  which  the  new  ti^ue  undergoes-,  its  growth  ultilMlC^ 
produces  a  corrcHjKUiding  contraction  of  the  diseased  lung,  la  aB 
tliose  cases  of  phthisis  in  which  there  is  either  a  nuirketi  tbickeotef 
of  tlie  alveolar  walls,  or  an  increase  in  the  intrrlolniUr  comiertitr- 
tissue,  any  cavities  which  may  exist  in  the  conM>lidrttr<l  and  indufktcd 
tissue  arc  chamcteriscd  by  the  tougli  and  fitimid  structure  (>f  tlicir 
walls.  These  present  a  marked  contrast  to  the  M)t\  friable  ti—r 
surrounding  the  cavities  in  cases  where  the  pulmunury  eunsolkUtioo  li 
due  mainly  to  intra-alvcoUr  changes. 

Changes  in  the  Bronchi — Alliisi(»n  must  now  be  nmde  to  cettata 
changes  in  the  bronchi.  Hicse  tubes  are  invariably  involved  in  pul- 
monary phthisis.  Some  catarrh  of  the  bronchi  is  constantly 
in  phthisiciil  lungs.  The  catarrh  is  sometimes  general,  but  much 
commonly  it  is  limited,  and  more  strictly  confined  to  such  pnrtioni  vi 
the  lung  as  are  becoming,  or  have  alrea<ly  beeome,  cousoUdatetL  III 
many  cases  there  is  a  marked  tendency  of  this  brondiUl  catanli  to 
lead    to   extensive    cell-infiltration    of  the    drcpcr   ^-^  -    rf  tbr 

bronchial  wall.     This  ee]l-in61tration  sometimes  Icad^  '-•  .  odnctiaa 

of  small  ulcers.  These  have  thickened  opaque  edges,  and  when  ooee 
fonnrd  they  tend  to  increase.  In  addition  lu  the»e  change*  in  the 
brxuichial  mucous  membrane,  there  is  often  a  eelluUr  infillrabcm  «l 
the  peribronchial  tissue,  and  here  small  nodules  i)(  new  gnxwUi  are 
fretiucntly  met  with — es|>ecially  round  the  smallest  bronchi, 

Changea  ia  the  Arteries. — liands  of  tianie  containing  artena 
frequently  extend  from  side  to  side  of  a  Urge  ravity.  When  «oefa  aa 
artery  traverses  a  newly-formed  cavity,  it  generally  luippms  thai 
biHamnuition  of  the   walls  of    the  vrstMrl   IcaiU    to   thmad>agfe  mtk 
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subsequent  obliteration  of  the  lumen  before  the  advancing  disease 
can  destroy  its  walls  and  give  rise  to  lia.>tnurrhage.  But  occHsionally,  in 
the  case  of  a  small  cavity,  the  wall  of  the  vessel  may  be  weakened  at 
one  spot,  and  an  aneurysm  result  before  any  thrombosis  has  occurred. 
Such  an  aneurysm  may  fill  the  CAvity  and  for  a  time  increase  pnri  jkLtxu 
with  it  But  before  such  an  aneurysm  has  attained  a  diameter  of  an 
Inch,  it  will, in  all  probabiUty,  rupture;  and  fatal  haemorrhage  into  the 
air-passages  may  follow. 

PATHOLOGY- — Having  thus  briefly  described  the  various 
structural  changes  met  with  in  the  lungs  in  phthisis^  there  remains  to 
be  considered  the  nature  of  the  morbid  processes  upon  which  they 
depend.  In  the  first  place,  it  is  evident  that  these  changes  are 
structurally  analogous  to  those  we  have  met  with  in  the  several  forms 
of  pulmonary  inflammation.  Thus  the  exudation  of  fibrin  and 
leucocytes,  the  accumulation  of  epithelial  cells  within  the  alveoH, 
and,  in  the  more  chronic  cases,  the  ultimate  infiltration  of  the 
alveolar  walls  arc  the  usual  lesions  found  in  croupous  and  catarrhal 
pneumonia;  while  an  increase  in  the  interlobular  connective-tissue  is  the 
characteristic  change  in  interstitial  pneumonia.  These  considerations, 
together  with  others  derived  from  the  study  of  the  setiulogy  of  the 
disease,  are  suflicient  to  justify  the  conclusion  that  the  morbid 
processes,  which  lead  to  the  consolidation  and  subsequent  disintegra- 
tion of  the  lung,  come  witliin  the  category  of  inflammation,  and 
that  the  ditferences  in  the  histological  changes  to  which  they  give 
rise  are  due  mainly  to  differences  in  the  nature  of  the  irritant,  and 
in  the  duration  of  the  inflammatory  process. 

But  although  phthisical  consolidation  of  the  lun^  is  the  result  of 
inflammation,  it  is  obvious  from  our  previous  considerations  (p.  2.^2), 
that  the  process  does  not  owe  its  origin  to  "  simple "  causes.  The 
progressive  character  of  the  inflammation,  and  its  tendency  to  infect 
adjacent  and  disbint  portions  of  the  lung,  show 
the  existence  of  some  irritant  capable  of  mul- 
tiplying in  the  body  and  of  spreading  from 
primary  to  secondary  foci.  Since  Koch's  dis- 
covery of  the  tubercle  bacillus,  all  investigations 
have  tended  to  show  that  the  bacillus  tuber- 
culosia  is  invariably  present,  both  in  the  lungs 

d  tn  Uie  sputum,   in   alt   cases   of  phthisis 
^Fig.  SO^) ;  and  we  nmst  therefore  regard  phthisis  as  a  more  or  less 


Fig.  »H.^TmSercIg 
Baciili,  In  phthisical 
iputum.     X  3oa 
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chronic  puliaonary  tuberculoaift.     I'Iiuk  modem 

Lftcnnec  in  believing  tiiAt  all  phthiNis  is  tulycrcuUr,  «nd  with  N 

in  his  conclusion  tlmt  plithisis  is  n  pro^irressivc  oueouft  pneamonia. 

To  tiiiilerstand  the  ilifTcrenccs  in  the  histologic^]  ctwtigvs  jort 
dcMrribed,  it  is  important  to  bear  in  iiiiiid  whAt  bus  been  fttaltd 
respecting  the  variations  in  the  character  of  the  »tructuimi  altera tjo— 
in  iuHaniinationj  produced  by  diiference^  in  the  iiiteniijr  and 
of  the  inflammatory  process.  When  ?itudying  the  proccM  of 
tion,  it  was  seen  that  the  most  intense  t'om»s  of  the 
characterised  by  abundant  fluid  and  corpuscular  exudatioti 
in  inflammations  of  less  intensity  and  longer  dumtioa, 
played  a  prominent  part.  These  Ktnietural  changes alao  varied 
to  the  duration  of  the  inflammation.  In  the  least  severe  and 
forms,  there  was  a  tendency  for  tlic  changes  to  Ik  limited  to  the 
immediately  adjacent  to  tiie  blood-ressels  and  lymphatics,  whereas  ia 
mHammutions  of  somewhat  greater  intensity,  more  distant  ci 
became  involved.  Further,  whereas  in  the  former  ca»e,  the 
uau4dly  resulted  in  the  formation  of  a  sraall-celled  tianic  which  tended 
to  become  fibroid,  in  the  latter,  Uie  more  distant  dements— botm  is 
most  cases  incapable  of  further  development — tended  to  vmdm§9 
retrogressive  changes.  In  the  lungs,  tlic  truth  of  tlic»c  paiUHMUfa— 
was  borne  out  by  the  differences  wliich  were  seen  to  exist  in  tike 
histological  characters  of  the  leiiions  in  the  various  fortiu  of 
inflammation,  and  also  of  those  in  acute  tubcrculosLs. 

If  the  above  factj  be  kept  in  view,  it  will  be  seen  that  tbe 
sequences  characterise  the  lesions  in  pulmonary  |»htbicia.  In 
cases  in  which  the  inflammatonb'  procesKcti  arc  of  Uiglit  intcMiiy  sad 
of  long  duration,  the  nioiit  marked  htructunil  change  will  imirisl  ia 
the  development  of  a  small-celled  growth  in  the  alveoUu*  walls,  and  km 
the  interlobular  tissue — a  growth  which  tends  to  develop  bito  •  fibroid 
structure  ;  whereas  in  those  caitrs  in  which  the  infletosnAtloii  te  ef 
greater  intensity,  fluid  and  corpuscular  exudation,  and  prnlifcrvtion  of 
the  alveolar  epithelium,  will  constitute  mure  pmmuient  parta  uf  the 
process, 

'I*hc  intensity  of  the  inflammatory  proee«s  not  only  drtrrminra  the 
histological  characters  of  the  pulmimary  consolidation,  boC  aIkh  In  a 
great  extent,  the  subsequent  changes  wliicli  take  place  Sn  it.  In 
oatea  of  phthisis  in  which  Uie  intensity  of  the  inflanuutevy 
it  considerable,  not  only  do  the  epithelium  and  cxwJetfoo-janalncU^ 
which    have    accumulated    witiiin    tlie    alveoU,  qidekly 
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and  brenk  down,  but  any  small-celled  tissue,  whicli  may  Imve  been 
cvelopcd  in  the  alveolar  walls  or  around  the  terminal  brtinchiuleSj 
softens  and  dies,  and  thus  the  viUdity  of  large  tracts  of  tha 
pulmonary  consolidation  may  become  destroyed.  In  those  cases,  on 
the  other  hand,  in  whieli  the  process  is  lew*  intense,  the  small-celled 
growth  produced  in  the  alveolar  and  bronchial  walls  is  more  permanent, 
and  there  is  an  increase  in  the  interlobular  connective-tissue.  It  is 
these  two  kinds  of  change,  the  one  tending  towards  death,  and  the 
other  towards  the  production  of  new  tissue,  which  produce  the  casea- 
on  and  softening  on  the  one  hand,  and  the  induration  on  the  other ; 

d  these  again,  associated  in  such  various  degrees,  make  up  the  diverse 

ysical  characters  of  the  phthisical   hing,  and  have  given  rise  to  a 

assifieation  of  phthisis  into  ulcerative  and  iniiurative  varieties. 

These  various  secondary  changes  which  may  take  place  in  the 

Imonary  consolidation  of  phthisis  must  be  considered  more  fully. 

hey  are  of  tliree  kinds — resolution,  development  into  an  imperfect 
ibroid  tissue,  and  retrograde  metamorphoiUs. 

Resolution. — Much  of  that  consolidation  of  the  lung  which  is  the 
most  rapidly  induced,  and  whicli  ia  consequently  owing  to  the  presence 
of  intra-alvcolar  exudatioii,  may  become  absorbed.  The  resolution  of 
the  consolidation  may  tlms  be  complete  ;  or  after  the  absorption  of  the 

tra-alveolar  products  there  luay  remain  more  or  less  iiifiltratiou  of 

e  alveolar  walls. 

Fibroid  development. — This,  as  has  been  seen,  may  succeed 
the  growth  in  the  alveolar  walls,  and  also  form  the  new  interlobular 
tissue.  The  tissue  which  originates  in  the  walls  of  the  alveoli,  being 
for  the  most  j>art  destitute  of  blood-vessels,  is  incapable  of  forming  a 
very  mature  structure,  but  it  may  develop  into  au  imperfect  tissue, 

d  remain  for  buine  time  permanent,  thus  contributing  to  the  iiidura- 

of  the  lung,     in  the  new  interlobular  tissue  there  is  not   tlie 

le  interference  with   the   vascular  supply,  and  hence  this  forms  a 

uch  more  fully  developed  and  iK'rmanent  structure,  and  is  the 
principal  source  of  the  pulmonary  iibrosis.  The  extent  of  this  6brosis 
is,  for  the  most  part,  in  direct  projxjrtion  to  the  chronicity  of  the 
disease. 

Retrograde  metamorphosis. — This  is  the  change  which,  leading 
to  tlie  caseation,  softening,  and  disintegration,  so  characteristic  of 
phthisis,  distinguishes  phthisical  from  otiier  forms  of  pneumonic  con- 
solidation. A  retrograde  change  in  the  inflammatory  products  is  an 
iiivariable  aceonipaiiiineat  of  acute  uou-pLthisical  puvumouia.     Much 
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of  the  exudAtion  and  epithelium  which  611  the  alvenli  undergoes  ISifety 
Hnd  mucoid  changes,  and  lu  the  circulation  hecwmcs  reslcircd  in  tW 
pulmonary  capillaries,  the  dcf^enenited  prfxlucti  ore  abeitietieKl,  aad 
the  lung  remains  intact.  In  phthisiciU  consolidation,  however,  t^ 
removal  of  the  inflammatory  products  does  not  take  pUce.  Thm 
contents  of  the  alveoli  degenerate,  but  the  dege&enled  prodnds  wn 
not  absorbed,  and  the  lung-U&sue  itself  undergoes  a  rmpid  or  gia^ul 
process  of  disintegration. 

In  studying  the  causes  of  tliis  retrograde  metamorphosis,  whiA 
constittttes  so  essential  a  feature  of  the  disease,  we  6nd  that  it  has 
usually  been  attributed  to  conditions  interfering  with  the  rircolslMB. 
The  most  important  of  these  arc  (1)  the  pressure  upon  tlie  matM 
blood-vessels  of  the  new  cells  infiltrating  the  walls  of  the  alvcoU  ml 
small  bronchi ;  (2)  the  pressure  exercised  upon  the  polmofuaiy  nyfl- 
laries  by  the  inflammatory  productii  which  have  accumulated  wftlliB 
the  alveoli ;  and  {3)  that  tendency  to  stagnation  of  the  blood  itfLSM 
which  it)  an  invariable  accompaniment  of  every  intense  inl 

'llxis  explanation  is,  however,  clearly  insufficient^  as  all  th< 
ditions  may  exist  without  producing  the  degeneration 
shown  to  be  so  characteristic  of  phthisis.  The  death,  d< 
and  caseation  seem  to  be  mainly  due  tn  the  direct  actioci  of  the 
products  of  the  bacillus.  The  new  cells  are  thus  often  klQed 
vessels  would  normally  develop  among  them ;  while  the 
tissues  gradually  succumb  as  the  prcnlucts  of  the  advancing 
act  more  and  more  powerfully  upon  them.  'ITic  organiam  aad  ili 
products  are  everywhere  met  by  iuHanimatury  changes.  Wliat  dr> 
termines  the  successful  development  of  fibroid-tissue,  how  fiir  lU 
formation  dejiends  upon  the  nature  of  the  ti^isue  attacked,  and  hw 
Car  upon  the  vitality  of  the  invading  organism,  is  uncenain.  Thoc 
difficulties  have  been  already  discussed  (pp.  Sil,  ♦4M),  403).  Tbt 
development  of  fd>roid-tissue  is  a  favourable  result  In  two  mmy%i  It 
is  evidence  of  the  recuperative  power  of  the  tissues,  and  It 
barrier  against  the  advance  of  the  badllus. 

In  addition  to  the  abtjvc,  an  element  of  probable  importaace  Ib  tbr 
causation  of  the  retrograde  changes  of  phthisis  is  imMfmU  mmkmmoi 
the  lungs  (possibly  inherited),  which  not  only  renders  them  espeeiaOy 
susceptible  to  injur)-,  but  which  reduces  their  recupcrmtive 
to  a  point  below  the  normal  average. 

In   the   later  stages  of  many  cases  of  chronic  phtliisliy 
iuHanmiation   and   ulceration  of    the    pulmonary  ooiisolld*tioci 
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tribute  to  the  destruction  of  the  lung.    These  result  from  the  injurious 
mfluenee   of  retained   seeretions  and  intiaramatory   products,    which 

lay  contain  other  org/inisms — such  as  the  streptococcus  pyogenes — 

fsides  the  bacillus  tuberculosis. 


el 


JETIOIfOGY. — In  studying  the  wtioIog>'  of  phthisis,  it  is  obvious, 
in  tile  first  j>lace,  tJiat,  accepting  ttie  tubercle  bacillus  as  an  essential 
clement,  sunictliing  more  is  necessary  for  the  protluction  of  the  disease. 
[The  bttciiJus,  as  lias  been  seen,  must  in  some  situations  be  constantly 
ntering  the  lungs  by  means  of  the  respired  air  (p.  398).  In  hospitals 
t  apart  for  the  treatment  of  consumption,  the  sources  of  infection 
abound,  yet  the  instiinces  in  which  phthisis  develops  in  the  typically 
healthy  «re  rare.  The  other  necessarj'  factor  is  something  inherited 
or  aci|uircd — inherent  in  the  individual. 

I'he  influence  of  hereditary  predispoaition  is  so  marked  that  it 

must  necessarily  occupy  a  prominent  place  in  the  patliology  of  phthisis. 

*  to  the  nature  of  what  is  transmitted — although  in  quite  exceptional 

ses  this  may  possihly  be  -the  tubercle  bacillus — speaking  generally, 

is  in  all  probability  simply  a  tendency  to  disease.     It  may  be  said 

that  this  tendency  consists  in  some  feebleness  of  the  constitution  in 

eneral,  and  often  of  the  lungs  and  other  organs  in  jKirticular,     As 

result  of  this  feebleness,  the  power  of  resisting  injurious  influences 

diminished,  and  the  lungs  and  often  other  organs  and  tissues  which 

re  especially  weak  are,  in  consequence,  abnormally  li^ible  to  become 

itable  culture-grounds  for  the  bacillus  tuberculosis.     Further — this 

herited  weakness  not  only  renders  certain  organs  abnormally  liable 

invasion,  but  also  less  capable  of  recovering  from  the  effects  of  the 

nsequent  inflammatory  process. 

^Vnotlier  im|wrtant  factor  in  the  development  of  phthisis  is  the  state 
of  the  general  health.  Quite  apart  from  any  inherited  feebleaesSj 
there  can  be  no  doubt  that  an  im|Niired  state  of  the  general  health 
greatly  favours  the  development  and  progress  of  the  disease.  It  is 
when  ftot/t  these  obtain  that  we  have  the  most  favourable  conditions. 
Dampness  of  soil  and  atmosphere,  want  of  sunlight,  and  lack  of  fresh 
air,  seem  to  contribute  especially  to  the  production  of  this  'Mnijiaired 
health." 

In  tliese  two  conditions,  therefore,  hereditary  predisjtosilum  and 
xtate  of  general  health,  we  have  the  other  factor — the  something 
inherent  in  the  individual  which  appears  to  be  necessary  for  the  pro- 
duction of  phtliisis.     It  is  this  inherent   condition  which   must   be 
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regarded  as  constituting   a   soil   favoumbic   to   the   d 
the  bacillua,  andj  whatever  it  may  be,  its  importance  i« 
over-estimate. 

Attention  has  already  been  drawn  to  the  frequcoey  with  wl^rii 
phthiHJs  eommeuces  in  the  apices  ul'  the  luugs.  The  cause*  of  tlm 
arc  proba1)ly  to  be  sought  for  in  the  diminished  range  of  rrspinlcfy 
movement  which  obtains  in  the  highest  portions  of  the  hingn.  Aj  a 
result  of  this  diminished  movement,  there  in  iliminislird  Aer»tiaa  <lf 
blood,  and,  in  certain  cunditions  of  health,  a  tendencv  to  ittMiMllaB 
of  the  blood-stream  in  the  pubnonary  captllaries.  The  sU^Bfltka  «f 
the  circulation  mny  lead  to  more  or  less  injury  of  the  w«lk  id  Ikt 
vessels,  and  a  slight  leakage  be  thus  induced. 

It  is  obvious  tliat  any  inherited  or  acquired  weaWnesi  mttft  £i«o«r 
the  occurrence  of  these  apiud  change-K.  (ienend  feebleneas  and  want 
of  vigour  lead  to  Iimis  of  nmveular  strengUi  and  wcakiiew  of  the  brail, 
and  thus  tend  to  prevent  the  full  expansion  of  the  chest,  to  eMur  a 
stoopin^r  posture  of  tlic  Ixxly,  and  to  impair  the  blood  and  air- 
circulatiun — all  conditions  favouring  blood-stagnation  in  the  higbcat 
portions  of  the  lungs.  Further,  the  success  which  attend* 
in  a  rarelied  atmosphere  is  probably  de|>endent  un  the 
rhythmical  e!i|mnsion  of  the  lungs. 


CHAITER   XXXII. 

PATHOLOGV   or  THE   CENTRAI.  NERVOUS] 
SYSTEM. 

l^iE  central  nervous  system  is  made  up  of  ce/if  and  tiieir  pratrjin, 

of  a  connective-tissue  rteurogiia  with  liliHid-vessrU  and  lynipliatict. 

Oolgi   method  has  demonstrated  that  every  nerve-cell  kaa  oar  ■ 

ppoeejrt,  tcniied  the  axis-cylinder  pnicess  or  nmrtm,  which  ||ftwa  rf^ 

collaterals,  and,   after  a  short  course  from  the  cell,   is  < 

myelin.     The  myelin  sheath  remains  until  near  the  termiaatioa  of' 

neuron,  which  breaks  up  into  a  brushwork  of  libnU  iii  the 

hood  of  other  nerve-cells.     A  number  of  other  pniccawa  arise  tiam 

the    gai»glion-cclI    tcnned    dendrites,   which,    projected    Into 

sponding  lymph  spaces,   serve    to  absorb   liouriahoMml   for   the 

(Fig.  sa5). 


PATHOLOGY  OF  THE  NERVOUS  SYSTEM.  541 


cv 


Fig.  205. — Diagrammatic  representation  of  the  Motor  [F.ffirrent)  and 
Sensory  {Affirrent)  Tracts.     [After  jRamon  y  Cajal. ) 

The  Efferent  Tract.  — CG.  is  a  pyramidal  cell  of  the  cortex 
of  the  motor  area  with  its  nutritive  protoplasmic  processes  or 
dendrites.  From  the  centre  of  the  base  of  the  cell  is  given  oflF  the 
neuron  or  axis-cylinder  process,  C.Af.T.,  which  decussates  in  the 
pyramids  and  terminates  in  a  brushwork  of  fibrils  in  the  anterior 
comu,  A.C.,  where  it  is  broughtinto  physiological  connection  with  a 
spinal  motor  cell.  This  is  also  represented  as  having  protoplasmic 
processes  and  one  axis-cylinder  process  or  neuron,  which  passes  out 
by  the  anterior  root  to  terminate  in  a  motorial  end-ptate  of  a  muscle- 
fibre.  Af. 

The  Afferent  Tract. — A  ganglion  on  the  posterior  root,  P.G.,  gives 
off  a  T-shaped  process,  one  branch  going  to  the  periphery  to  termmate 
in  an  end-organ  or  plexus ;  the  other  enters  the  posterior  column  of 
the  spinal  cord  :  some  fibres  pass  into  the  grey  matter  of  the  pos- 
terior horn.  Thence  the  impulses  are  conveyed  onwards  by  fresh 
neurons  arising  from  cells  in  the  grey  matter,  while  other  long  fibres 
continue  their  course  onwards  to  the  brain,  C,S.  T.,  by  the  posterior 
column  of  the  same  side.  The  teg-fibres  enter  Golfs  nucleus,  the 
arm-fibres,  Burdock's  nucleus.  From  the  ganglion -cells  of  these 
nuclei  the  upward  path  to  the  cortex  after  decussation  in  the  medulla 
is  by  the  fillet  of  the  opposite  side,  probably  in  the  optic  thalamus. 
R  represents  a  simtle  reflex  arc  consisting  of  an  aflferent  nerve  derived 
from  aposterior  spmal  ganglion-cell  terminating  in  the  neighbourhood 
of  an  anterior  hom-cell,  from  which  an  efferent  fibre  is  given  off. 
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The  neuroglia  consists  of  fine  fibrils  and  branched  cctls,  tem«d  f£a- 
cells.     It  serves  to  hold  the  nerve-cells  and  their  proc^Mcs  tufgtfier^  fl 
and  to  earr^j  the  blood-vessels  and  lyrnphftties.  V 

Tlie  grejf  matter  consists  of  gnn^lifm-ccUs  and  thcJr  ptoc  €■■■<  *,  and 
neuroglia.  The  fvhitc  matter  consists  of  ax iii-cy linden  cm'rird  wHfa 
myelin,  to  which  it  owes  its  colour,  the  nerve-fibres  bcio);  held  togrtker 
with  neuroglia.  The  gre\f  matter  has  a  pink  tint,  uhlch  oflVn  m  itaAitif[ 
contrast  to  the  dead  white  of  the  trfiUe  matter :  the  difference  b  te* 
counted  for  by  the  much  greater  vascularity  of  the  fomKT. 


Fig,  Toft.'—SfhemutQ  rrprtseni  tht  Atrmdimg  amdJtufndmgJ^grm^'-'*-^'^' 

in  framntgru  Itsioiu  of  tkt  ifimai  n*n/.  A.  AMCMttttf ; 
sccnding.  i.  Crossed  pymittldAl  traci :  a.  Direct  pjrmnMAl  :_:.. . 
3.  Comnu-shapcd  tnu:t .  4.  Intefinediary  bundle  of  ths  latoal 
Lo\uinn :  5.  OuU's  column;  6.  Biirdach's  coluomi  7.  Direct 
cerrbellor ;  8.  Anferc^Uteral.  LLsuucr  1  Ifttct  tl  the  tiKUi  td  tkc 
poalehor  horn  is  not  shown.  The  root  tanm  (bandeWtie  of  ChAreoCI 
is  th«-  iiortion  of  the  posterior  column  briwneo  iSiirdACli't 
and  the  posterior  horn.     (F.  W.  Molt,  after  Marie.) 

Nerve-fibres  may  be  divided  into  three  systems. 

(1)  Afferent  or   sensory — those   which   conduct  Lmpul«ca  from   tfcr 
pcriphfry  to  the  centra]  nervous  system. 

(3)  Efferent — those  which  conduct  impulses  from  the  ccnlral  nLnoi 
system  to  the  periphery  (Figs.  ^0,5  and  20()). 

(3)  Intra-ceniral  Cnmrniuuml, — (I)  Fibres  whkh  ntn  i9WUMrmh^ 
uniting  the  two  halves  of  the  central  nervous  system — t^,,  tbe 
callosum,  tlie  middle  cerebellar  ])eduncle^  and  the  anterior  «Dd 
commissures  of  the  spinal  curd,  &c.  ;  (2)  fibres  which  mo 
nallif — <r.^.,  association-fibres  of  the  cerebral  hemispheres,  and  the  gKMml 
fibres  (ascending  and  descending)  of  the  spinal  cord. 
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Ttie  normal  anil  morbid  anatomy  of  the  central  nervous  system  is 
in  great  measure  founded  upon  the  discovery  of  Waller,  that  a  nerve- 
iibre  i«  dependent  for  its  nutritioti  upon  the  ncrvc-ccll,  of  which  its 
axift-cylinder  process  is  an  outgrowth.  The  series  of  changes  which 
occur  in  a  nerve-fibre  of  the  peripheral  or  centra]  nervous  system, 
when  cut  off  from  its  seat  of  nutrition  experimentally  or  by  disease,  is 
termed  'Wallerian  degeneration. 

The  methods  employed  for  studying  Wallerian  degeneration  of  the 
central  ner\'Ous  system,  taking  (for  example)  the  spinal  cord,  where 
the  afferent  and  efferent  tracts  are  clearly  defmed,  are  as  follows : — 
If  posterior  spinal  roots  be  cut,  or  there  be  a  transverse  lesion  of  the 
spinal  cord,  it  would  be  possible,  after  ten  days  have  elapsed,  to 
recognise  naked-eye  changes  In  definite  tracts  of  the  spinal  cord, 
provided  the  spinal  cord  be  suspended  in  Miillcr's  fluid  for  a  month 
or  so.  The  cord  thus  hardened  is  cut  transversely  and  the  degenerated 
tracts  are  recognised  by  their  tigfUer  tftUow  colour,  as  compared  with 
the  healthy  white  matter  which  is  now  stained  a  brownish  yellow. 
For  microscopical  examination  of  such  an  early  degeneration,  there  is 
no  method  to  compare  with  that  of  Marchi.  It  consists  in  placing  thin 
transverse  slices  of  the  central  nervous  system  thus  hardened,  in  a  solu- 
tion of  one  part  of  a  one  per  cent,  solution  of  osmic  acid  and  itvo  parts 
of  MuUer's  fluid  for  a  week,  then  washing  with  water  and  cutting  by 
the  celloidin  method.  Sections  should  be  cut  longitudinally  and  trans- 
versely. The  early  changes  in  the  axis-cylinder  and  myelin  sheath  are 
beautifiiUy  shown,  and  even  single  degenerated  fibres  can  be  followed 
tlie  whole  length  of  the  spinal  cord.  The  healthy  fibres  are  stained  a 
light  grey  by  the  osmic  acid,  but  both  the  axis-cylinder  process  and  the 
brejiking-up  myelin  are  stained  black,  owing  to  fatty  degeneration. 
This  method  is  most  suitable  for  tarlif  degenerations  one  week  to  one 
month  after  the  lesion.  For  later  degenerations,  the  Weigert  or 
Weigert-Pal  methods  are  most  suitable.  When  sclerosis  has  taken 
place,  it  is  better  to  adopt  one  of  the  latter  methods  ;  the  healthy  white 
matter  b  then  stained  blue,  and  the  svlerused  tissue  is  yellow  or  un* 
stained,  according  to  the  method  adopted.  Wallerian  degeneration 
of  the  nerve-fibres  of  the  central  nervous  system  must  occur  in  all 
organic  lesions,  and  its  extent  and  distribution  will  depend  entirely 
upon  the  ganglion-cells  destroyed,  or  upon  the  fibres  which  have  been 
interrupted  in  their  continuity  with  the  cells  of  which  they  are  out- 
growths. The  morbid  conditions  which  may  give  rise  to  Wallerian 
degeneration  may  be  then  classified  into  three  headings : — 
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(!)  Zaflaaunatory  lesiona,  circumscrilx^l  nr  diffuM: 
include   meningitis,    encephalitis,  nlMcess,    inyelitu 
diffuse. 

(i2)  Local  diaeasea,  due  to  ischemia^  to  iofVeBin9  produced  \n 
embolism  or  tliromlxMis,  mul  to  hivmorrluge — eauaiiit;  'tecottdty  d^ 
generations,  but  not  necessarily  inAamtnutioci  except  «t  the  Mat  flf 
injury. 

(3)  Primary  degencratioiu.— It  is  a  ilebatablr  quesUan  wbctlio 
the  chronic  inHammntory  changes  which  are   alwKjrs  WWJhitnl 
these  systemic  degenerations,  are  sccomlAry  to  the  atrophy  of  the 
fibres,  or  whether  they  ore  priiuarj*  and  thcrt'forr  tlve  oattue  of  the  de- 
generation.    The  opinion  i«  stendily  gaining  gruund  that  the  pfhany 
cau!»c  is  a  retrogrehsive  nutritional  ctiunge  in  the  gaaglkm  Kt\U»    laa 
8e<)ucntly  there  is  a  progressive  degeneration  of  their 
cesses  commencing  at  tlieir  terminations. 

The  microscopical  changes  in  the  fibres,  as  a  result  of 
are  a  breaking-up  of  the  myelin  sheath  (there  is  no  ucurtieauaa}, 
alteration  in  its  chemical  cnnipooUon,  and  twcJliag  af  Iha  ai 
cylinder  process  owing  to  a  tatty  degeneration ;  tha 
between  the  central  axi&-eylindcr  and^  surrounding  mycltn  ihua 
lost.  Later,  as  the  altered  myelin  i^  carric<i  away  by  pUagorytca, 
spaces  may  be  seen  with  the  swollen  axi»-cylindrr  in  tlie  middle;  or 
empty  splices  in  the  neuroglia  tiuue  occur  owing  to  ru|itnra  lad 
absorption  of  the  degenerated  axis-cylinder  fwififiMns  (FIkb^  407  aad 
20K).  As  the  atrophy  of  the  nervous  struetaraa  pamaiiala,  thare  ia  a 
hy|>erplAsia  of  the  neurogUa,  and  proliferation  of  the  gtia  eelh 
The  process  during  the  early  stages  has  been  one  of  aofWtiiag;  tth 
now  a  true  acleroala  with  shrintdng^  but  there  is  no  tosidawy  (in 
unrompUcatcd  primary  or  aeoondary  systemic  degeneiathm)  far  the 
sclerosis  to  extend  its  limits,  and  it  may  even  be  limited  ta  a  arfina- 
Bcopic  transverse  area.  Tlie  connect ivc-tissoe  ovevgrowth  shato  tM 
its  own  nutrition  by  changes  in  the  walls  €^  its  nutrient  Tfth 
Eventually  a  cicatricial  tissue  luav  be  fonncd;  and  the  presence  uf  this 
impcnctmblc  tissue*  uiny  be  the  reason  why  in  the  hlgfai 
exists  no  dclinite  proof  that  nsemeration  of  uervo-fibrea 
in  the  central  nervous  system. 

Some  of   the  physiological  efFecta  of  degaaaratioa   af 
central  nervous  system  are  vuluiit'irv  /tftmiifsU  wIhtii  llic  upj 
of  Uie   motor  patli   is  degenerated,   and   paralysis  with 
degeneration  of  muscles  when  the  lower  sagment  la  sffLelid.     U^'haa 
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^O7,^t>ti;rtti-mtion  of  troufd  !'yramtJal  Tritit  iii  tfu  loth  Lktrtal 
Stgment,  fony  dnys  after  hemisection  of  the  spinal  cord  in  the 
m>d-dorsal  region.  The  drawing  was  made  from  a  photo- 
micrograph of  a  section  of  the  posterior  i>an  of  the  Intirral  rolnmn. 
stained  by  the  PaI  method.  The  condition  Is  one  of  commencing 
sclerosis.  The  black  dots  are  the  swollen  axis  cylinder  processes, 
mingled  with  the  degenerated  myelin  :  here  and  there  arc  paru 
unstained,  showing  that  the  nerve  fibres  have  disappeared  and 
neuroglia  alone  is  left  A  frw  empty  spaces  are  seen  scattered 
about,  shouing  the  previous  existence  of  nerve  fibres  at  these  points. 
A  large  number  of  healthy  fibres  ate  seen  mingled  with  the 
dcgenemlL-d  fibres  ;  these  are  the  fibres  of  the  direct  ccreliellar  tract 
oa  their  way  to  the  periphery  of  the  cord.  (Mutt./'AiV.  Tram,,  iS^x) 


Fig.  aoa, — Of  generation  of  Crossed  Pyramuiai  Tract  at  tke  StA  Dorstxl 
>\f^mfnt,  seventy  days  after  hemiscction  of  the  spinal  cord  in  the 
mid-dorsal  region,  rttpared  and  drawn  in  the  same  way  as  Fig.  307. 
Much  more  scUrosii  and  atrophy  is  seen.  The  deeoneraicd  nerves 
havr  for  the  most  port  disappeared,  empty  spaces  in  the  netvogUa 
bcingleft ;  some  frw  black  dots  are  shown — indications  remainiti^  of 
degenerated  tierve  fibres.  At  the  periphery  the  healthy  fibres  ofihe 
direct  cerebellar  tract  are  seeo.    (Moit,  PhiL  Trant.t  189a.) 
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the  aflfcrent  tract  is  degenerated,  senson'  disturbances  occur — t,g,,  )p» 
of  the  muscular  sense,  thermo-ana'sthesia,  analgcRia,  tactile  anrntheoa, 
and  hyperwsthesia.     Sometimes  tactile  and    ]hainful  impn  ainni  onj 

produce  tingling  or  thriUUiK  acBM* 
tloiiK — this  |»ervertcd  sciiifttkMi  hai 
been  termed  panrsthcsia  or  djriaj* 
thetiia.  Whtxi  an  imiimaUn  on  one 
part  of  the  body  is  Pcfcrrrtl  to  • 
ttimilar  spot  on  the  op|Kmte  Mdc,  tlie 
coniUtion  is  known  as  allochrina :  It 
occurs  especially  in  a0*ectiuns  of  tiw 
posterior  columns  of  the  conl. 

Changes  m  thr  tuprxfitimi  mmd  dtrp 
rrJiejFvs. — B<ith  su|ieHicial  uid  Aeey 
rcllexe**  are  usually  exa|ijc<^ratcd  when 
the  pyramidal  tracta  are  drgcncixted^ 
showing  that  the  crerebrml  cortex  of 
he  motor  area,  frc»ni  whfeh  IhcMr 
tibres  originate,  cxcrtA  an  inhibibvy 
inBucnce  upon  the  Ktmplr  spinal  rv^ 
flex  Rct«. 

The  knee-jerk  is  the  bevt  ncaaplc 
ofa  so-called  deep  reflex,  but  altlKmitfa 
de)>endent  ujwn  the  Integrity  of  the 
reflex  arc  of  the  fourth  aikd  third 
luniluir  segments  of  the  kpimd  curd, 
yet  careful  tiiuc-mcafrurcmenta  have 
shown  that  it  is  not  a  rdlex. 
produced  by  striking  the  quadiie^i^, 
tendon  put  oh  the  iirrick  Iff 
the  knecj  and  thereby  at  tlie 
time  re  lilting  the  hamstHnff  muicicik 
which  Shrrriiigtxm  has  sliown  to  have 
a  correUtive  antagonistic  actiiHi  lo 
the  »juadricep«.  This  i»  not,  \yom- 
ever,  so  much  due  to  the  fact  that  rehLxation  of  tlie  flexor  nuiftdea 
of  the  knee  leaves  tluil  joint  more  free  to  move  when  the  qi 

•  MyvtatU  irritabitity  is  ihc  (crm  used  by  Gowers  to  ctnbotly  lia  %iew  ifaM  tlv 
And  oUicr  deep  reflexes  depeod  on  the  incfrased  imtAbtUiy  cf  a  OftUMtd  aattcie.     H  llff 
tension  is  sudden  and  forcittfe,  not  only  incrcAscd  urtublllty  but  fUUe 
Tliis  i«  cspecull/  evident  when  cerebral  Influence  hu  been  tvmorcd  bf  p|r— tilal 
ration. 


i 
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Fig.  009. — D%agram  /«;  ExploiH  tkt 
Kmef-fcrk  (Slwrrington).  Ex.  En- 
lemal  cutaneous  nerve.  A.t.  An- 
terior crural  nerve  with  c  cutaneous, 
and  m'  niufcuUr  bnuichn,  coming 
from  the  jrd  antl  4th  lumbar  secmenti 
of  the  spinal  cord.  <J^.  Obturator. 
Sf.  Sciatic  nerve  with  /./*..  internal 
popliteal.  i<.P.  Kxtemal  popliteal 
tjmnchcs,  I'a.  Cr,  The  vasii  and 
the  crureus  muscln,  the  Iniemal  por- 
llofi  bcin|[  especirtlly  concerned  in  th« 
knee  jerk.  Destruction  of  the  reflex 
arc  of  the  3rd  and  4th  lumbar  seg- 
ments in  either  its  eHrrcnt  or  afferent 
portions  will  abolish  the  knee*jerk, 
because  it  will  either  pomlysr  the 
vastus  cmrtroi  muscle  or  destroy  its 
"myotaiic"  irriubility.* 


J  cura, 
la  have  ^ 
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extensor  is  excited  to  contraction  by  tapping  its  stretched  tendon, 
as  to  the  removal  of  an  antagonistic  tonic  influence  througli  afferent 
nerves  (fifth  and  sixth  lumbar  roots),  which  the  flexor  group  of  muscles 
exert  through  the  spinal  reflex  arc  upon  the  correlated  extensor 
gn:»up  (Fig.  209).  Absence  of  the  tendon  reflex  without  wasting  and 
degeneration  of  muscle,  indicates  degeneration  of  the  posterior  columns 
of  the  cord.  Absence  of  the  tendon  reflex  with  wasting  of  muscle  and 
sensory  disturbance,  indicates  periphemi  nerve  degeneration  or  destruc- 
tion of  central  grey  matter  of  ajiterior  and  posterior  bonis.  Absence  of 
the  tendon  reflex  with  wasting  and  degeneration  of  muscle,  but  without 
sensory  ilisturbance,  indicates  degeneration  of  the  anterior  horn  cells 
or  primary  progressive  myopathy. 

By  muscular  degeneration  is  not  meant  disuse-atrophy,  but  a  wasting 
accompanied  by  changes  in  electrical  excitability  of  the  nerve  and 
muscle.  Ba-stian  has  pointed  out  thiit  complete  destructive  tnmsverse 
lesions  of  the  spinal  cord  high  up  in  the  dorsal  or  cervical  regions  (and 
in  which  prfKumahhf  therefore  the  refles  an:  wr  intact)  are  often  followed 
by  absence  of  the  knee-jerk.  Of  course  the  pyramidal  tracts  will  be 
degenerated,  and  it  is  diflicult  therefore  to  understand  why  the  knee- 
jerks  are  lost.  It  cannot  be  explained  by  the  removal  of  cerebellar 
influence;  for  the  statement  of  Marchi.  that  there  exists  a  descending 
cerebellar  tract,  has  been  disproved.  The  knee-jerk  is  diminished  in 
old  age,  during  sleep,  and  in  aniemia  of  the  spinal  cortl. 

In  cases  where  the  knee-jerk  is  exaggerated  from  removal  of  cortical 
influence  by  degeneration  of  the  pyramidal  tracts,  another  phenomenon 
is  often  obtainable,  namely,  if  the  calf-muscles  which  extend  the  ankle- 
joint  are  suddenly  put  on  the  stretch  by  pressing  the  hand  against  the 
sole  of  the  foot,  a  quick  contraction  occurs,  and  by  keeping  up  the 
pressure  there  is  a  recurrence  of  the  c*ontractions  at  a  regular  rate 
(about  eight  per  second)  ;  the  foot  is  thus  thrown  into  a  series  of  clonic 
spasmodic  contractions  termed  the  foot  clonus  or  ankh  clonus.  Conditirms 
which  give  rise  to  ankle  cloims  are  usually  accompanied  or  followed  by 
contracture^  a  state  of  permanently  increased  muscular  tonus. 

Examples  o{reflvx  spinal  tonus  are  also  aflbrded  by  the  action  of  the 
sphincters  of  the  bladder  and  rectum.  The  tonic  contraction  of  these 
muscles  is  abolished  by  destruction  of  the  lumbar  enlargement  of  the 
spinal  cord — hence  incontinence  of  fteces  and  urine. 


INFLAMMATION  OF  THE  MENINGXIS. 

Three  membranes  enclose  the  central  nervous  system,  but  owing  to 
the  intimate  connection  of  the  pia  mater  and  arachnoid,  these  always 
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suffer  together     liiflAmmation  of  the  tough  ^Xnxnmdttm 
Pachtfmrtiinfptis.      InHainniutioii    nf   the    sot>    fna-ane^moU  Is 
MrttwgifU,   or    more  precisely,  aft  lite  HiitithesU  tn  |iaeh}*metiinfili», 
l^ftfoittcft  ingUis . 

Pachymeni&gitiB. 

The  durn  nuter  consists  of  two  Uyers,  a  thick  uuter  layer 
is  |>eriosleaI   in  iU  functions,  jMid   a   thin  inner  layer  with   a 
epithelial  surfuce.     Either  layer  nuy  be  the  seat  f>f  infiatuniaUuii, 
is  usually  chroiiio. 

Extmtai  Prtchi/tntwngitur  is  frequently  caused  by  caries  or  ncrroKU 
the  bones  of  the  skull  due  to  syphiliH  or  wounds. 

Intrrnai  I'tuht/jm-ningitit  is  chHracteri^cd  by  the  formation  of  a  himt 
menibnuie,  usually  very  vascular  and  con»ixting  of  sevcrml  wipertei* 
posed  layers.  Owing  to  rupture  of  vesAcIs^  blood-cy«ts  mt-  ftiwiii 
lietween  the  layers,  known  by  the  name  of  htrma/omttia  of  the  liofs 
mater.  This  membrane,  which  usually  CAUse-(<  adherence  of  the 
mater  to  the  arachnoid,  extends  generally  over  the  greater  part  of 
or  both  hemispheres.  It  is  rare,  and  met  with  usually  to 
|)Hralysis  of  the  insane  and  chronic  alcoholism. 


i 


Meninsitit  or  Leptomeningitis. 

Inflammation   of  the   piawirHchmiid   Is   in    nearly  all  oaars  dor 
infective  inHannnation  by  micrcworganisms.     The  mo*t  Jmpofftaat  tana,] 
\n  tubercular  (p.  ■1'04).      A   number  of  other  causes  of  infectioa  dM, 
which  may  be  considered  under  the  headings  local  and  grncrmL 

IjocaL — (I)  Traumatic  injuries  of  the  head  witli  direct  infeetjan. 

(^)  Adjacent  di&ease  outside  the  dura  mater,  Mjp|MiraUve  <itltK! 
chronic  car  disease  with  caries  of  t!ie  mastoid  or  pctnHi«  pcirtioiM  of 
the  temporal  tx>ne.  and  occasionally  disteaae  of  the  bonea  of  tlir  note  vr 
orbit.  The  infection  in  these  caftea  may  spread  directly,  or  a>Umg  tW 
course  of  lymphatics  or  blood-vessels, 

(.S)  Tumours  and  alncesses  of  the  brain  may  cmusr  ndjaeent 
mution  of  the  meninges- 

Genrrai, — Meningitis  may  occur  in  the  CiHtrsc  of  <iifrcti^' 

diieases — e.g.,    small-jKix,   scarlet    fcrer,  meanle*.  ht:i>  ,     and 

pneumonia  and  acute  rheumatism.  CerebrcHspinal  mcnin|citis  may  a2*n 
occur  in  an  qtidmdv  form.  Meningitis  In  rare  instancva  baa  feDowd 
a  blow  not  causing  any  wound,  and  it  has  l>eeD  Kbund  postHnortCai  fa 
some  cases  of  sunstroke. 
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Mvrhid  Analomtf. — When  the  infection  is  local  the  meningitis  may  be 
circumscribed,  but  when  the  cause  is  some  infective  bIoo<l  condition  it 
is  usually  gcneralisecl,  and  may  in  some  cases  afTert  the  spinal  as  well 
as  the  cerebfftl  meninges — i\g.^  meningitis  occurring  in  the  course  of 
pneumonia  may  in  many  ways  resemble  the  epidemic  form.  Tubercular 
meningitis  usually  affects  the  hose  primarily  and  especially,  whereas  in 
other  forms  the  com'txities  of  the  hemiispheres  are  affected.  Certain 
changes  are  common  to  all  forms  of  meningitis.  The  pia  mater  is  in- 
tensely hj-penemic  and  red,  as  if  the  vessels  had  been  artificially  injected. 
8oon  opacity  and  thickening  of  the  membranes  occur,  recognisable 
most  readily  in  the  arachnoid ;  and  along  the  course  of  tJie  vessels 
there  is  an  opacity  owing  to  distension  of  the  perivascular  l3,Tnphatic 
sheaths.  An  inHammatory  exudation  from  the  blood-vessels  of  the  pin 
mater  occurs :  this  may  be  serous,  sero-purulent  or  pundent,  and  is 
manifest  especially  over  the  sulci  of  the  convexity  and  the  spaces  at 
the  base  of  the  brain.  In  severe  cases  pus  mixed  with  fibrin  fonns  a 
continuous  opaque  yellowish  layer  under  the  visceral  layer  of  the 
arachnoid.  The  infiaimnation  usually  spreads  to  the  adjacent  structuresj 
causing  neuritis,  encephalitis,  and,  later  on,  adhesions.  The  ventricles  of 
the  brain  luid  the  inter-(ieduncuiar  subarachnoid  space  may  be  distended 
with  a  turbid  serous  Huid,  and  the  choroid  plexus  as  well  as  the  velum 
interpositum  arc  usually  congested  and  swollen.  This  fluid,  examined 
microscopically,  may  be  found  to  contaui  large  granular  epithelial  cells, 
leucocytes,  or  pus  cells. 

The  suppurative  process  is  extremely  marked,  and  often  very  rapid 
in  formation  in  e})ideniic  cerebro-spinal  meningitis. 

Pathfilogtf. — The  first  stage,  or  piTiod  of  extttaiiou,  is  charucterised  by 
hradachct  deliriuin,  rigidity ^  general  or  local  cottrulsionsj  and  these  symptoms 
can  be  accounted  for  by  the  general  hypenemia  of  the  cortex  cerebri. 

The  second  stage  or  period  of  depressiuu  occurs  as  the  inflammation 
extends  into  the  cortex  and  motor  nerves,  paralifses  of  vjunous  kindji 
appearing.  In  the  final  stage,  the  increasing  effusion  into  the  skull 
and  the  rising  intra-cranial  pressure  induces  coma. 


INFLAMMATION  OF  THE  CENTRAL  NERVOUS 

SYSTEM. 

Encephalitis. — Infianunation  of  the  brain  may  arise  from  three 
causes:  trauauttic  injur}',  inflammation  of  adjacent  structures,  and 
acute  infective  diseases — erysipelas,  typhoid,  tyj»hus  and  diphtheria. 
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Striimpel]   considers   that   infantile  cerebral  heniiplc^  b  doc 

primary  systemic  inflammation  of  the  grey  matter  of  the  motor 

analogous  to  anterior  polio-myelitis,  hence  he  temvi  it  /Wi 

Very  probably  the  two  diseases  have  an  identical  caus«.     Jt 

the  alteration  in  the  brain  tissue  which  results  from  acute  IttAunartks 

is  a  process  of  rtti  xujit'ti'utg  (p.  62). 

Cerebral  Abscess.^The  causes  may  be  dividetl  into  k»cml  and 
distant.  By  far  the  most  frequent  focaf  cause  uf  cerebral  ■hif—  is 
chronic  ear  dUcase.  Inflammation  of  the  middle  ear  or  fiMtttnld  Cflib  b 
often  followed  by  a  purulent  discharge  and  mrie*  ot  thr  iwmr  :  not  infre- 
quently arrest  of  the  discharge  is  followed  by  abscess.  Occasionally  tbefe 
may  be  no  bone  disease,  only  suppurative  inflammation  of  the  midifle 
ear  or  mastoid  cells ;  and  in  such  cases  the  infection  (irohably  p>fmci  bf 
the  perirasciilar  lympiiatics  along  the  xeins  which  connect  thr  tj  iiipilr 
cavity  and  mastoid  cells  respectively  with  the  superior  petiuial  umI 
lateral  sinuses.  Disease  of  the  nose  and  orbit,  s\']>hiUtic  caries  of  olfctf 
bones,  tumour  of  the  brain,  and  injury,  are  among  tlic  rarer  cwMca  vi 
cerebral  abscess.  Distant  caiars  are  pytrmin.  gangrene  of  the  hua^ 
fa^tid  bronchitis,  bronchiectasis  and  empyema^^ll  rarely  mK  wilfc. 

Morhid  Aitaiomy. — Abscess  is  usually  single,  but  there  niay  be  •evcml, 
and  in  pyiemia  sometimes  many.  Owing  to  ear  disca«r  briof  flodl 
a  common  cause  abscess  Is  met  with  most  frrt^ueiitly  in  adjaeent 
portions  of  the  brain — viz.,  the  temj)oro-sphenoidal  lobe  and  tl>e  laienl 
lobe  of  the  cerebellum.  In  nasal  and  orbital  disease  It  is  uasudly  km  tlw 
adjacent  frontal  lobes. 

The  prm-ess  of  suppuration  commences  with  inflammatory  aoAeiiliif; 
cell  infiltration  increases  greatly,  replacing  and  dr<tmyln|g  the 
normal  structure.  Pub  h  formed  which,  in  the  caae  of  emr  iBmh^ 
is  usually  of  a  greenish  colour  and  frequently  of  ftetid  udour  and  Mid 
reaction.  It  is  made  up  of  pus  corpuscles,  degenerated  cclkp  UH, 
cholesterin,  ha'matoidin,  and  nucro-organiaros>  usually  staphylooooct 
The  sixe  of  the  abscess  varies  greatly,  but  the  average  sixe  is  brtweca  * 
walnut  and  a  hen's  egg.  Tlie  pus  is  contained  at  fir^t  lu  an 
cav  ity,  and  there  is  u  tendency  for  the  abscess  to  locrease  by  « 
of  portions  of  the  limiting  tissue  ;  it  may  thus,  by  spreading,  bitnA 
the  Uteral  ventricles  or  externally.  It  may,  hamctrr, 
encapsuled  by  connective- tissue,  and  llie  pus.  undergoin||- 
degeneration,  becomes  thick  and  viscid.  It  is  thought  that  pBs 
encapsuled  may  dr)'  up  and  caseate  or  calcify,  or  even  be  conpictdy 
ab^orbed  leaving  little  more  than  a  scar. 
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Myelitis. — The  term  ttt^efitis  has  been  used  for  all  forms  of 
degeneriition  of  the  spinal  cordj  and  thus  we  have  tlie  subnli visions- 
acute,  sulvacute,  and  chruriic  ;  ur  it  may  be  considered  according  to 
its  localisation,  and  then  the  tenns  transverse  myelitis,  diffuse  myelitic 
leuco-myelitis,  polio-myelitis,  and  meningo-myelitis  are  used. 

The  evidence  showing  that  primary  myelitis  does  not  occur  is 
accunitdating,  and  the  true  causes  are  probably  iniective  organisms 
or  toxic  agencies.  Cold,  injury,  &c.,  may  operate,  as  it  does  in 
pneumonia,  as  a  factor  in  lowering  the  vital  resistance. 

Of  all  the  infective  diseases  which  lead  to  these  various  forms  o£ 
myelitis,  syphilis  is  the  most  important;  but  tuberculosis  (in  the 
production  of  I'ott's  disease  and  meningo-myelitis),  epidemic  cerebro- 
spinal meningitis,  gonorrhcEa,  measles,  diphtheria,  influenza,  scarlet 
fever,  smaU-jx»x  and  typhoid,  offer  examples  of  infective  diseases  whicli 
have  been  followed  by  various  forms  of  myelitis.  Probably  the  itt- 
flammatton  is  due  to  the  taiins  produced  in  the  blood  by  the  infective 
organisms.  Other  toxic  agencies,  such  as  in  ergotism,  pellagra  and 
lathyrism,  offer  examples  of  vegHabh poisonx ;  lead  and  arsenic,  of  mineral 
poisonx,  any  of  which  may  cause  myelitis. 

Acute  Myelitis. — The  naked-eye  appearances  are  variable ;  tl»e 
spinal  tissue  is  sometimes  softened,  pinkish-white  in  appearance, 
yellowiBh  or  brownish-red,  according  to  the  condition  of  the  blood- 
vessels, and  the  amount  and  change  in  the  extravasated  red  blood- 
corpuscles  (fi^e  "Softening,"  p.  (iO).  Ver)'  early  one  finds  a  large 
number  of  granular  corpuscles  and  amyloid  bodies;  the  axis  cylinders 
are  either  swollen  up,  granular,  or  destroyed,  and  the  myelin  sheatha 
of  the  white  matter  are  rapidly  bn>ken  up  and  destroyed.  Tlic  ganglion 
cells  undergo  degeneration ;  their  processes  are  seen  broken  off.  In 
the  first  stages  they  become  globular  and  pigmented ;  they  then 
present  signs  of  atrophy,  and  eventually  may  completely  disappear. 

The  vesficfs,  thrombosis  of  which  appears  in  many  cases  to  be  the 
determining  cause  of  the  abtne -mentioned  changes,  are  gorged  with 
blood,  and  their  lymphjitic  sheaths  distended  and  filled  with  leucocytes; 
and  when  the  inflammation  is  very  intense,  hemorrhages  may  be 
founcL  There  is  an  increase  of  nuclei  and  small  round  cells  in  the 
grey  matter,  and  the  stellate,  or  Deiter's  cells,  are  more  numerous  than 
normal. 

Later  the  connective-tissue  undergoes  proliferation  and  there  is  rapid 
progressive  softening  of  the  nenous  elements  owing  to  granulo-fatty 
degeneration.     The  process  thus  passes  into  the  chronic  stage  con- 
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stituting  grty  jrofteHuig.     Hfpmorrhii^s   nuy  c»ecur  in  Uioe  foet 
softening,  and  eventually  tlie  process  ends  in  a  sclm%ns. 

J>iffiuie  Myelitei  have  a  common  pnthological  snntoniy,  but  xht 
<>linical  symptoms  will  of  necessity  vary  According  to  the  •r«t,  eiteiU, 
and  distribution  of  the  iuflnniinatory  process.  In  the  ontiiMfy  acvle 
flornai  myelitis  plienomena  of  exaggerated  seiiKibility—^^uch  aft  ^tkkt 
numbnessj  and  tingling — mark  theonsetj  which  is  fullowed  by  praplrigia 
and  later  on  by  contracture,  with  exaggerated  8U])eTiiciAl  aod  deep 
reHexes,  due  to  the  removal  of  the  cerebral  influence  by  degcnrfmtlas 
of  the  pyntmi<lal  tracts ;  there  will  probably  al&o  be  wastinj^  of 
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and  the  reaction  of  degeneration,  due  to  destruction  of  anterior 
cells.  The'hypcnesthesia  and  pain  i«  due  to  Inflammation  andiitiutiaa 
of  the  grey  matter  of  the  posterior  hom«,  and  the  /rjwrrMrM,  vhkb 
later  on  rejilaces  Uie  exaggerated  sensibility,  to  dtrstruction  uf  this  |Eicy 
mutter  and  the  adjacent  commissural  white  ^hm>  of  thr  latrrmi  oolmni. 

Heiciiiion  of  urine  and  fieces,  due  to  tonic  spasm  of  the  afiliJartrtlt 
invariably  precedes  the  iitconthu'mct. 

Tniphif  tninbles,  especially  ffrti-xorr  over  t)»e  sacrum,  ari«r,  nxtd  tke»t, 
together  with  bladder  complications,  are  -jsnally  the  cause  ot  dfth. 
Hapid  wasting  of  the  muscles  of  the  leg  would  indicate  the  ittvadis 
of  the  /umfpo-savmi  region,  also  the  absence  of  tonic  contmctioo  of  thr 
sphincters,  the  centres  of  which  arc  situated  in  this  region.  InraKr- 
mctit  of  the  Mi-in'>  |toints  to  inHanMii.-itinn  of  the  cervical  enUr;{eflMBL 

Periependymal,  or  Central  MyelitiB,  occauonally  ocean,  bal 
the   effects  dejiend,  like  syringomyelia,  u|]on  the  amount  and  leiat  if ; 
»irstructiuii  4>f  the  grey  matter. 

Meningo-myelltXB. — l^itely  Erb  has  called  attention  to  tlic  fact 
that  in  sypliilis,  very  frequently  in  the  early  secondary  *^*g^  ^  ^hr 
disease,  a  J'ofni  myeiittjt  occurs  characterised  by  paraplegia,  with  rx 
oggermted  reHexes,  girdle  sensation,  retention  of  urine  and  Crcc»»  and 
other  signs  of  a  local  transverse  legion  of  the  cunL  The  diMBie  k 
rarely  fatal,  but  bed-sores  and  bladder  complications  may  enattc^  la 
fatal  cases  nn  gumma  was  found,  only  a  transventc  myelitis,  the  prindpai 
features  of  which  were  diffuse  mychlis  of  tJie  white  matter  (not 
ing  definite  tracts),  local  thickening  of  the  meninge8,and  a 
but  no  M'pliilitic  change^  in  the  arteries. 

TnuMverse  Myelitis,  pnHiucx^d  by  I'ott**  disease,  ancniyHn, 
gro^«ths,and  thickening  uf  the  dura  mater.  ThesyinptoiBaareaeeonlia|{ 
to  the  seat  of  the  lesion.     The  mccImniMn  of  the  damagf  .rd 

is  twotbid — vix.,  i-om/trrssiwi  and  iuJinniMatnm.     The  cord 
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8CJ*t  of  compression)  be  flattened,  indented,  or  even  reduced  very  greatly 
in  size  ;  on  section  it  has  usually  a  jfrey  appearance.  The  micro- 
scopiuU  a])pearances  of  inflammation  correspond  to  those  already 
described,  and  the  clianges  in  the  cord  above  and  below  the  seat  of 
injurj'  are  described  under  Secwtdaiy  Dpgcnemtions. 

The   piithological    effects   may   be    considered   under   two   distinct 
leadings — lioiit  xipupiomx    and  Cord    xt/utptorns.       The    former    usually 

jvelop  first  in  the  form  of  shooting  /www,  owing  to  irritation  of  the 
sensory  r(K>t&  involved.  With  the  pain  there  is  usually  htfperafsihex'ut  of 
the  skin.  Irritation  of  motor  roots  causes  fntinjul  coniraciure.  Cord 
mfmptwtui  are  :  paresis  or  paralyisis  below  lesions,  increase  of  superficitU 
fr.rejp  and  of  mtfoiatic  irritrMUt/.     There  may  be  no  loss  of  sensibility 

»covcrable  in  the  pjirts  below  the  lesion,  although  there  is  complete 
paralysis,  but  there  may,  on  the  other  hand,  be  delay,  and  in  severe 
cases  absolute  loss  of  sensation.  The  condition  of  the  sphincters  and 
the  tendency  to  bed-sores  depend  upon  the  integrity  of  the  lumbar 
enlargement.  If  the  lesion  is  in  the  lower  cer\ical  region  the  pupils 
may  be  afl'ccted  from  implication  of  the  cilio-spinal  centre,  mid  thu  pulse 
rate  diminished  from  damage  of  the  accelerator  fibres  of  the  heart. 

Polio* myelitis. — An  acute  inflammation  of  the  anterior  comua  is 

le    morbid  change  which  affects 

le  spinal  cord  in  injaulilc  purnh/xis 

id    (tctttc    s^pitinl  jHtrait/xU    of   the 

lult.     Singer  and    Munzer   have 

lown    that    they   can   produce    a 
destruction    of    the    anterior    horn 

;lls  of  the  rabbit  by  compression 
the  ftbilonilnaJ  aorta,  thus  cutting 
off  the  supply  of  blood  to  the  lower 

id  of  the  cord.      It  is  Iiighly  pro- 

ible  that  jmterinr  j)olio-myeHtis 
is  due  to  blocking  of  the  anterior 
radicular  arteries  by  inflannnatory 
Uirombosis,  possibly  of  infective 
origin  (Fig.  'ilO),  by  which  one 
or  all  the  groups  of  cells  in  the 
anterior  horn  are  destroyed,  accord- 
to  the  extent  of  occlusion  ;  thus 

ttches   of  softening  arise  in   the 

itcrior  comua  on  one  or  both  sides. 


AJ^. 


I'lii.  3IO. — Diiijfriimtnafic  KtprtsentiUian 
of  tkt  Stiffly  of  the  Groups  cf  Anterior 
Horn  Celts  by  tkt  Hadimlar  Dramkei  if 
the  Anterior  Sftiitan  Arteries.  Showing 
one  ^roup  of  cdU  toinplclcly  dcstroy<Kl 
by  occlusion  of  one  of  these  small  vessels, 
and  thus  expUining  why  hi  polio- myelitis 
there  is  usually  permanent  luss  of  niove- 
mt.<nt  in  some  ooc  or  more  muscles, 
a-'.  W.  Moll.) 
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Tlie  appearances  presented  by  the  spinal  cord  may  vai^'  vei 
according  to  the  length  of  time  which   has  eUp«i>ed  sim 
tlie  disease.    In  aji  old  ca^Cj  examination  of  the  ftcgnirntft  of  the  tptaal 
cord  corresponding  to   the   muscular  paralysis  (lumbar  uttd   ccn^kal 

enJargcnient*  usually),  exhiUta  m  more 
marked  translucency  of  the  grry  maUtf 
of  the  anterior  honis ;  and  if  liaftol 
to  one  side,  as  it  oflen  bi,  a  diiiiiiwtha 
in  siae  of  the  anterior  horn  aa  com 
pared  with  the  opposite  hralthjr  wie. 
'Vhc  anterior  horn  criU  arc  ettlier  ab* 
sent,  or  here  and  there  abtiMr;  or 
rounded  protoplasmic  bodic*  iHthoot 
processes,  and  »tjuning  wrll  with  car* 
mine,  are  seen — prt^bably  votigoi  of 
degenerated  ganglion  cells  (("ig.  218). 
The  fine  nerve  plcxu«  aroaiMi  the  crib 
is  either  greatly  dimini«hrtl  or  ooib- 
pletcly  abekcntf  and  only  ncurogl&a  afed 
Deiter's  cells  may  be  vliible.  The 
vessels  arc  thidcened.  When  the 
lesion  is  bilateral  it  is  rarely  MuiuictTi- 
cal ;  more  freifuenlly  it  U  lUuUletal, 
and  it  lAill  then  btr  ob»er«'ed  that 
there  is  »econdar>'  atrophy  of  eonr- 
lated  structures  of  the  catnc  half  of  the 
cord — via.,  of  tile  |KJ«ter1ior  culunui,  ao- 
tero-Uteral  column  and  |M»tefiar  Immb, 
and  some  obsenen  ha%*e  ilranilwd 
atrophy  of  tlie  correapOQcUnif  umAat 
convolutions  of  the  brain.  Atiofiby  of 
anterior  root  Hlinr^  must  occur:  Atio> 
phy  of  the  bonrt  has  al«i  tkrcn 
Landry's  paral  jsU  (acute 
ing  pHralysis):  no  definite  leskm  hoi 
been  described  ;  it  may  be  due  to  the  effects  of  a  toxin  acting  upon  the 
central  or  peripheral  nervous  system.  Tftr  a^smcc  oj  tromhtt*  4^' mmtrilmm 
and  senxihiiiltf  point  to  tlie  {xiison  acting,  like  curare,  espedmlly  ttpoa 
the  motor  tract,  and  serve  to  distLngufah  the  rtiinwr  fivni  acute 
myelitis  (p.  aal). 


'IG.  att.—Dturiii/tng  O*gtnfration 
in  the  PyramtH^i  Trad  fi>il<fivi»fi 
^(tmerrkage  iftta  tkt  lmtrma.1  Ca^ 
tuU.  The  direct  Iraci  iftwcll  marketl 
and  is  n-prevrnled  at  a  lower  levd 
than  it  is  usually  seen.  (F.  W. 
Mott.) 
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Cerebral  Hsemorrhage. 

Tlie  various  forms  of  softening  which  follow  vascular  occlu&ion 
have  already  been  described.  Cerebral  hieumrrhage  is  the  most 
frequent  cause  of  hemiplegia  in  subjects  who  liave  |iassed  forty  ;  and, 
according  to  Cowers,  it  seldom  occurs  under  that  a^e,  unless  Bright's 
disease  or  aneurysm  exists ;  the  latter  produced  by  infective  embolism, 


Fic.  313, — DfSifndi:^  .  .^.  ...,:/ton  in  the  Citmma-iAafed  Tract atul  in 
tht  I HUrmedio- Lateral  and  the  Crossed  Pyramided  Tracti.  The 
drawing  is  made  from  a  section  of  the  spinal  cord  in  the  upper  dorvil 
region  just  below  ihc  scat  of  compression  of  a  small  KunimoL  The 
direct  iracuwerc  in  this  instance  bnioll,  not  reaching  into  the  tlorsui 
region.  The  darkness  of  the  comma  tract  is  exaggerated,  and  the 
other  descending  degeneration  is  injufficiently  represented.  (F.  \V. 
MolL ) 

and  subsequent  infective  inflammation  of  the  walls  of  the  artery,  which 
may  eventually  lead  to  its  rupture.  The  association  of  granular,  con- 
tracted or  gouty  kidney  with  a|K>plcxy  has  long  been  recognised,  the 
conditions  Iwing  favourable  to  the  rupture  of  the  delicate  cerebral 
vessels.  It  has  been  shown  by  Charcot  that  in  most  of  these  cases 
of  hsemorrhage  minute  miliary  aneurysms  are  found  on  the  small  vessels 
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entering  the  ftulMtAnce  of  the  brain  (p.  l6l) ;  but  there  i»  oor  wtc»y  m 
particular,  the  left  lenticulo-striate  artery',  which  is  CftpccUlljr  Uftbie  Id 
disease  and  rupture,  and  which  Hhs  therefore  been  called  "  Uic  mtierj 
of  hwraorrhage."  In  Bright's  disease  tJierc  is  high  uierUl  konAoa^ 
due  to  hypertrophy  of  the  left  ventricle  and  increased  pcriphcnl  ro- 
sihtance.  The  small  arteries  wliich  supply  the  basal  gan^U  cowi.  nC 
directly  at  rij?ht  angles  from  the  large  arteries  at  the  baAc  of  the  bcsia 

— they  arc  terminal  arteries  aiMly  like 
all  the  intra-eerebral  \ettcU»  they  are 
not  fiuppnrted  by  the  substance  of  t}at 
brain,  l>eing  surruunde^l  by  a  pcfitaB 
cular  lymphatic  &heath.  It  U  rasf  la 
understiuid,  therefore,  why  afiimj— n 
shuuld  fonn  and  rupture  oo  these 
delicate  walled  vc^mtIv  MaitPK/, 
most  Autimrities  btate  that  the  ^tatt^ 
walls  are  diaeased.  Otarcot  beid  Itiat 
it  wiu>  a  iK'riarteriti^,  while  otlicn  afim  i 
that  it  i.-i  .in  eiidaHenti*i.  ' 

Other  conditions  which  pndu^em 
to  cerebral  lurmorrhage  arr  lead,  ala^ 
bol,  syphilid,  and  inherited  tendrmej 
to  arterial  diAcajie.  It  may  occsralw 
in  tumours. 
The  effects  pmduced  by  luemorrlmgc  depend  upon  Ita  aituatiou  and 
»iKe  ;  the  most  frequent  i»cHt  is  the  anterior  part  of  the  opio-«tria<« 
ma&s  in  the  external  cji|>huIc;  but  when  {paralysis  occurs  a»  it  OMudly 
docs,  tlie  cause  is  damage  of  the  pyramidal  fibres  of  the  hinder  limb 
of  the  inteniul  capsule.  If  the  lesion  be  nut  !»evere  enough  to  t 
death,  various  changes  occur  in  the  effused  blo«)d  and  damaged 
tibMies.  For  the  first  few  cbtyi*,  the  clot  filU  the  v' 
diics  nut  undergt)  shrinking ;  Uicn  a  granultvlAtty  d< 
place,  with  absorption  of  the  products  (p.  89)* 

In  severe  cases  uf  hH-niorrlmge  causing  deatii,  irru])'! 
may  take  place  into  Uic  lateral  ventricle  of  the  ««me  ^  ■ 
may  ]misk  through  tlie  foramen  of  Munro  into  the  op|io«itr  Lateral 
ventricle.  Occasionally,  it  may  Hnd  its  way  from  tike  third  ventricle 
through  the  ar|ueduct  of  Sylvius  aiul  into  the  fourth  vmtride;  aaiL 
in  mrr  c*ase?>,  thence  through  the  foramen  of  Magcfidie  tnlu  the  Msb- 
arachnoid  bpace. 


I 


KUi.  313. — Tk<  As<fn^i»g  Trads  of 
i)fgrncr^%om  in  tkt  Cen'ual  fin- 
i.TrgrmtHt  afUr  Hxftrimtntat 
iUmistir'um  0/ tkr  Sjunad  t  »»nrf  in 
tkf  MUi-A^rt.^l  i^f^iOH.  The 
scchon  sho«-t  well  innrkrd  dcgc* 
ncration  of  Cjoll's  column,  of 
the  dirrct  cerebellar  tract  and  of 
'  the  nnlero-Utrmt  tracts  on  the 
tame  side  as  tlte  lesion.  (F.  W. 
MotL) 
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Secondary  Degenerationa. 


I 
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As  a  result  of  destruction  of  brain 
rations  arise,  the  most  characteristic 
degeneration  arising  from  destruction 
of  the  pymmidal  cells  of  the  motor 
area,  or  of  their  fibres  in  tlie  anterior 
two-thirds  of  the  |)osterior  half  of  the 
internal  capsule^  such  as  occurs  in 
cerebral  ha*niorrhage.  It  is  quite  ob- 
vious, however,  that  a  similar  degene- 
ration may  arise  as  a  result  of  softening 
in  embolism  or  thrombosis  of  the  mid- 
dle cerebral  artery  or  its  branches ;  in 
meningeal  htemorrhage  and  tumours, 
or,  in  fact,  in  any  lesion  which  causes 
destruction  of  the  pyramidal  cells  of 
the  cortex  of  the  central  convolutions, 
or  which  cuts  off  the  connection  of  the 
nerve  fibres  from  the  cells  of  which 
they  are  the  outgrowths  (Fig.'^l  I). 

As  a  rule,  ctr^hml  fexious  leading  to 
secondary  degenerations  are  ttnUattraft 
and  fl/wm/are  hi/aivra/.  In  the  former, 
only  one  set  of  pyramidal  fibres  are 
degenerated  in  the  spinal  cord — viz., 
tliuse  proceeding  from  one  hemisphere 
by  the  internal  capsule,  the  middle 
|)ortion  of  the  crus  cerebri,  the  pons 
and  the  medulla,  where  the  greater 
number  decussate  in  the  anterior 
pyramid  to  form  the  crossed  pyra- 
midal tract  of  the  opposite  side  ;  some 
(about  one-tenth)  pass  in  the  direct 
tract  down  the  cord,  decussating  at 
lower  levels. 

Secondary  degenerations  arising 
from  lesions  of  the  spinal  cord  are,  in 
nearly  all  cases,  hitaterat,  and  affect 
not  only   the  descatdi/te  tracts,  which 


substance,  secondary  degene- 
of  which    is    the    sccondarj- 


>*^' 


Flu.  314. — Str/if'fi  af  Sfinai  (Jord 
aSjut  tht  tigktk  Dorsal  Segment 
from  a  Cast  of  I^KomoU'r  Atavy. 
There  ts  sclerosis  of  the  postero- 
external column  and  atrophy  of  the 
fine  plexus  of  nerve  fibrils  suiTOund- 
ing  the  cells  of  Clarke's  column  ; 
moreover,  a  band  of  sclerosis  is  seen 
eiUcring  the  column  instead  of  the 
bundle  of  nervr  fibres,  Tlic  cells 
themselves  arc  atrophied  and  their 
processes  destroyed.  This  case  wus 
of  interest  because,  in  connection 
with  (hesd  lesions,  ihe  patient  had 
well-marked  visceral  sytnplonis — 
gastric  crises,  bladder  troubles,  and 
laryngeal  crisis^in  addition  to  the 
ordinary  ataxic  symptoms,  x  too 
diameters.    <F.  W.  Moti.) 
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have  their  centres  of  nutrition  in  the  cortex  cerebri,  but  a1m>  tKr 
asvcntiing  tracts,  which  have  their  centres  of  niilritinn  in  tbr  poctctkvr 
spinal  ganglia  and  grey  matter  of  the  i*ord.  The  A»cenclin^  mnd  de- 
scending ground ^fibmSf  which  unite  the  different  segment*  of  the  cnuk 
|x)nii,  nieduUu,  and  cord  together  in  co-ordinate  reflex  action,  dejgeacrKlr 
both  above  and  below  the  lesion  for  a  variable  di»tancc ;  and,  bedklc^ 
there  is  a  small  tract  in  the  posterior  column,  which  dcj^tueiatea 
downwards  in  tnmsverse  lesions  of  the  cnnl  in   th**  dor^kal  region;  H  li 


Fig.  Jis- — Selfraiii  ^ ikt  Pt'ttfHor  MMiam  Columns  im  iht  CrrvitmHUgimu 
Due  10  spinal  mraingitit  invotvlng  the  poMciior  ncrvMoma,  ibra 
from  which  Asoend.  unmieirupted  by  cetU,  in  the  posterior  wbiImm 
columns.     (SpcQironi  and  pttolognph  by  F.  W.  MoCL^ 

termed,  on  account  of  its  cbaracteri!»tic  form,  the  cowta^Aaprf  Itmi 

(Fig.  212). 

The  ascending  degenerations  come  under  two  rlaaies. 

(I)  in  the    Pttxterior  Coiumnx. — Short,    mediuxn,  and    long 
fibres,   having  their  origin    in   the  central    portion    of  the   T- 
prueess  of  the  posterior  spinal  ganglion  celln. 

The  short  fibres  form   Lissauer's  tract,  at  tbr   Iwinc  uf  the   poaU 
horn  :  thr  ntedium  fibres  enter  the  posteru-externaJ  column,  and.  after 

aliort  ciiurse.  diHap|>ear  in  the  grey  matter ;  and  the  long  fibrc««  after 

itering  the  posterior  columni  are  pu«ihed  backwards  and  towaitk  tJbc 
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tedian  line  to  form  the  posterior  medi&n  (GoU's)  column.     Secondarr 
■neratioii  Uiiiited  to  the  posterior  column  indicates  a  root  lesion, 
ich  as  from  tumour  of  the  cuida  equina,  or  injury  of  posterior  spinal 
>ts(Fip.  215). 

(«)  In  the  Antcro-lairral  Cohatm, — ^Thcre  arc  three  sets  of  fibres  occu- 
pying the  periphery.  They  all  arise  from  cells  in  the  grey  matter. 
The  p*>sUnor  tract  consists  of  Urge  fibres  probably  derivetl  from  axis 
cylinder  projections  of  the  cells  of  Qarke's  column,  and  termed  direci, 
or  dorsal  ctrehcUar  tract.  The  anterior,  consisting  of  two  sets  of  fibres, 
in  all  probability  nrisiug  from  cells  of  the  grey  matter  of  the  opposite 
B  boms,  the  decussation  taking  place  in  the  anterior  commissure.  It  has 
several  names — viz.,  Gowers*  tract,  antero-lateral  tract,  and  ventral  ccrr^ 
brllar  tract,  Ijccause  most  of  the  fibres  can  be  traced  by  a  curious 
course  to  the  middle  lobe  of  the  cereliellum.  The  less  numerous  fibres 
enter  into  the  fillet,  and  probably  end  at  the  corpora  quadrigemina. 

The  functions  of  lhe*e  tracts — that  is  to  say,  the  kind  of  impulses 
lliey  conduct — is  not  known.  Atone  time  it  was  thought  that  all  sen- 
sory impulses,  except  those  of  the  muscular  sense,  decussated  immedi- 
ately on  reaching  the  cord,  and  this  view  was  held  because  in  most  cases 
oi  hemilesion  of  the  spinal  cord  a  group  of  sjTnptoms  occurs  termed 
Hrvtrn-St'tpuirti  jtaraJtfxis,  which  briefly  is  fijff}era*sthfsia  and  paraltfxitt  on 
the  xide  of  the  lesion,  and  aucexihesia  on  the  xide  opposite  to  it,  Lntterly 
Brown-Setjuard  gave  up  the  theor)*  of  immediate  decussation  of  sensoo' 
impulses,  but  nuiiiitaiued  justly  that  as  a  means  of  diagnosis  the  Brown- 
^KSt-qtinrd  phenomenon  was  most  valuable,  Hemisection  of  the  spinal 
^Peord  in  monkeys  and  other  animals  is  followed  by  pandysis  on  the  side 
of  the  lesion,  but  most  recent  obser>'ers  have  been  unable  to  find  either 
hyperaesthesia  of  the  same  side  or  anaesthesia  of  the  op|x>site  side  (Fig. 
SIS).  For  further  information  u|x>n  the  conduction  of  sensory  impulses. 
«ee  p.  567. 

The  common  causes  of  ascending  and  descending  secondary  degene- 
rations of  the  spinal  cord  are  focal  lesions  produced  by  injury,  pachy- 
meningitis in  Pott's  disease,  meningitis,  and  tumours,  causing  a  local 
transverse  myelitis  (p.  552). 
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Primary  Pathological  Degenerations. 


Primary  systemic  degenerations  may  affect  either  the  ajf'erent  sensorj' 
paths  or  the  efferent  motor  patlis,  and  not  infrequently  the  two  are 
combined. 
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I.  DEGENERATIONS    OF    AFFERENT    TRACTS.— 

These  systemic  degenerations  have  iK'^rn  looked  upon  a*  prinwrjr 
niscSf  the  atrophy  of  the  nerve  fibres  being  secondmry  toovrigmwtliof  tW 
neuroglia  eonneetive-tissue  and  changes  in  Uie  %'e«scls.  It  to, 
moreprolHible  that  the  sdrrtms  is  secondary  to  a  progrcMive  atraphy  of 
the  nerve  fibres,  brought  about  by  retrogrrwive  change  in  the  Dotii- 
tion  of  the  ganglion  cells  of  which  the  nerve  fibres  arc  prajc<rtion«. 
The  causes  of  the  nutritional  degradation  of  the  nerve  celU  are 
herited  tirf'ect  tuid  various  funotioiuil  excesses,  by  which  they  mrc  onabte 
under  altered  conditions  of  the  medium  of  nutrition,  to  malntaiii  the 
nourishment  of  their  axis  cylinder  pn>ccsse5v — lieiice  tiieir  dcgvBCfvtaoau 
The  nutrient  medium  and  its  supply  are  especially  liable  to  beafceted 
by  the  poison  of  xi/p/tiilx,tiUttfu*^,»iM\  lend,  but  inasmurh  a«  each  aod  all 
of  these  may  also  produce  changes  in  the  vessel  walU,  it  \%  AxfkeuiX  tw 
decide  whether  in  many  cases  the  vascular  change*  nuiy  not  be  prlnutfv 
to^  or  at  tuiy  rate  simultaneous  with,  the  nutritional  ciMUi|pea  oC  Uw 
nerve  cells  and  their  processes. 

X«ocoinotor  Ataxy  or  Tabea  DoraaUa,  i%  tlie  commotwat  cs- 
nnifkle  nf  jirimanr'  systemic  degeneration  of  the  alferent  trart.      Rcecat 

observations  liavr  sbonrti  titat  thr 
peripheral  ner\cs<u  well  ai  Uw  fO^ 
tenor  columns  of  the  cord,  nmlifgii 
degeneration,  and  this  flcpporls  j 
the  view  of  Marie  that  tlie 
(.liunge  is  a  nutritional  deAtct 
the  ganglion  cells  on  the  poatertar 
root.  In  this  diM*axr  thrrr  k  itHt 
I068  of  Dtotor  power,  but  incoCmiUl 
nation ;  and  the  motor  efTermt  fibrr«| 
of  the  periphfral  nerves  arr  intact, 
which  tends  to  pro«T  that  Uic] 
sensory  fibres  are  «clrcte«l ;  baS 
ordinary  |>cHphcnil  neuritis 
alcohol  both  motor  and 
fibres  suffer.  A  |iriiQary- 
change  in  the  uerve  fibres  woald 
affect  Ixitli  motor  ami  aenaoiy  palln ; 
again,  it  is  diHirult  to  niwWlilatMt 
how  a  priitiary  vaseular  change  ia 
the  coni  should  be  confined  to 


tdiiOM  in  un  AdiMHCtJ  lau  if  f-aco- 
tmttor  AtAry,  The  tif ht  parts  indicate 
the  sderoais.  It  will  be  ol»erved  that 
nearly  the  whole  posterior  column  is 
affected,  and  ibcre  ia  an  atrophy  of  the 
fibres  of  the  root-zone  and  of  the  plexus 
arooad  the  cells  of  Clarke's  column. 
which  appears  dear,  in  consequence  of 
Ibe  ataeooe  of  the  nervous  rrUcule  which 
exists  in  healthy  spinal  cords,  *l*he 
iniunber  of  cclb  has  not  diniinislied. 
\V.  W.  Motl.) 
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limits  as  the  posterior  column.  If  reference  be  made  to  Fig. 
20.5,  it  will  be  seen  that  nutrient  changes  in  the  ganglion  cells  could 
produce  simultaneous  degeneration  of  the  termination  of  their  T-shaped 
processes.  It  has  been  ascertained  that  the  ganglion  cells  of  the 
posterior  spinal  ganglia  are  not  destroyed  in  tabes,  but  their  axis 
cylinder  prolongations  in  the  cord  undergo  degeneration  and  atrophy  ; 
consequently  a  sclerosis  occurs  in  the  three  ascending  tracts  of  the 
spinal  cord  jireviously  mentioned — viz.,  Lissauer's  tract,  the  postero- 
external column  and  root  w>nc,  and  Coil's  column.  There  will  also  be 
atrophy  of  the  fine  ner\'e  network  formed  by  the  terminals  of  the 
postero-extemal  column  around  the  cells  of  Clarke's  column  (Fig.  ;224). 
In  advanced  ataxy,  almost  the  whole  posterior  column  may  undergo 
atrophy  or  sclerosis  (Fig.  21 6). 

Morbid  Anaiomtf.—liO  the  naked  eye  the  posterior  columns  have  a 
grey  transparent  appearance  on  transverse  section.  The  pia  mater  is 
usually  thickened  and  adherent  to  the  diseased  ])arts.  On  microsco- 
pical examination  two  stages  of  degeneration  may  be  recognised,  corre- 
sponding more  or  less  to  the  preataxic  and  attuic  periods. 

The  first  is  characterised  by  increase  in  the  neuioglia  tissue  and 
slight  swelling  of  the  diseased  parts ;  the  second  by  scirrrpfic  atrojtfitf. 
It  is  especially  the  lumbo-sacral  regions  of  the  spinal  cord  which  arc 
affected.  The  earliest  portions  of  the  posterior  columns  to  undergo 
degeneration  are  (1)  the  part  external  to  Burdach's  column  lying  in 
contact  with  the  posterior  horn  (the  root  /one);  (2)  GoU's  colunui ; 
(3)  Lissauer's  tract.  In  an  advanced  case  the  remainder  of  the  posterior 
columns  and  the  network  around  the  cells  of  Clarke's  column  are  affected. 

HistologimUif  the  process  consists  of  wasting  of  the  nerve-fibres  in 
the  tracts  mentioned  and  overgrowth  of  neuroglia  tissue  ;  as  the  disease 
progresses  the  nerve-fibres  waste  and  disappear,  and  the  overgrowth  of 
connective-tissue  which  proceeds  from  the  vessel-walls  and  the  trabeculoe 
coming  in  from  the  periphery,  gradually  replaces  the  nerve-fibres,  and, 
by  shrinking,  produces  sclerotic  atrophy  of  the  |)osterior  columns. 
There  is  simultaneously  a  wasting  of  the  peripheral  nerve-fibres. 

The  first  or  preataxic  stage  is  characterised  by  absence  of  the  knee-jerkf 
ligbtnittg  jfatNS,  ArgyU-Ilobertson  pupils,  frequently  eisceral  crises,  grru 
iilrophtf  of  the  ofptic  nerves,  and  ocular  paralyses. 

The  ataxic  stage  :  motor  incoortimativn,  various  sensory  disturbances 

notably  numbness  in  the  soles  of  the  feet,  and  ituthilUj^  to  stand  mth  the 
eyes  shut — trophic  d^sturlmnccs  such  as  perforating  ulcer,  joint  affections, 
And  atrophy  of  bones,  ike. 
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The  visceral  crises  have  been  A&fiociatcd  wHh  afTection  of  CWIm  « 
columDj  but  it  is  highly  probnble  that  they  may  be  doc  to  natritioaai 

disturbances  in  the  Tifmpathef'n-  gattglia,  just  as  the  oLber  9jm\ 


supposed  to  be  due  to  nutntional  disturbances  of  the  apinal  ^TTg^i  at 
the  posterior  root.  The  loss  of  the  knee-jerks  in  the  carliett  and  ombI 
constant  symptom ;  since  the  root-zone  (bondetettc  of  Charcot)  It  the 
earliest  and  most  constant  lesion  of  ataxA*,  it  is  highly  |ifulMhlc  that 
the  loss  of  the  knee-jerk  is  connected  with  the  atrophy  of  those  6bm 
derived  from  the  third  and  fourth  posterior  hmibar  roots,  whicb  oa 
entering  the  spinal  cord  take  up  this  position  for  a  skorl  dijctanec  befott 
entering  the  grey  matter  (Fig.  t206).  Changes  have  been  finoad  is 
certain  cerebral  convolutions.  It  is  possible  that  ialttt  JormUu  b  a 
degenerative  disease  of  the  whole  afferent  tract. 

Ataxic  Paraplegia  is  a  disease  in  which  ihrre  is  a  pombfaiatii 
of  symptoms  of  lateral  sclerosis  and  ataxy.  The  knee-jerks  tat 
exaggerated.  The  combined  sclerosis  of  the  lateral  and 
columns  explains  this  condition. 

Friedreich's  IHsease,  or  Hereditary  Ataxy,  is  • 
the  posterior  colunms;  as  in  ataxy,  but   sIko  an  atrophy  of  the  eeOs 
of  Clarke's  column,  and  consequently  dcgencrution  of  the  direct 
bellar  tract ;  moreover,  in  some  cases  the  cro<isnl  pyramidal  tracts 
affected.     Beyond    the    hereditary    histor>'   nothing    i»    known 
etiology.     It  ntay  therefore  be  considered  due  to  an  inherited 
mental  defect,  by  which  certain  ner\'oiu  structures  tutdergo  atniplii/ 
and  the  neumglia.  h\'perplasia. 


acts  aieH 
of  Itafl 


^   DEGEim»ATIONS  OF  EFFERENT  TRACT&-TheJ 

most  iinp*)rtant  are- — (1)  prinmrj'  lateral  ficlcn>sis ;  ("i)  amyotTxvpbicfl 
lateral  sclerosis;  (S)  progressive  muscular  atrophy.  In  all  thrt^f 
diseases  systemic  degeneration  of  tracts  of  nerve  (ibrrSy  vaacali^f 
changes,  and  overgrowth  of  conncctive-tiMue  oeeur.  Whieh  b 
tlie  primary  process,  the  atrophy  of  tUr  nrrxous  elements  or 
vascular  changes  and  scirrvsu  f  The  protopbumic  proce*sea  «rf" 
ganglion  cells  project  into  a  lymph  ii|Mice  which  it  in  connectioii  vi 
IjTTiph  capillaries  or  with  the  perivaticuUr  lymplutics  of  the 
vessels.  It  is  common  to  tind  in  rhnmic  degenerative  prnri  mi» 
the  central  nenxms  system  (leriarteritis  and  diKtrnunn  of  thi? 
vascular  lymphatics  with  leucocytes.  It  miglit  be  rcasanably 
therefore,  that  the  poisons,  such  as  alcohol,  lead,  and  of  •yphtl 
le  most  potent  factor  in  tiie   production  of  nerrous  disease),  pww 
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duced  their  effects  by  direct  action  upon  the  vessels.  There  arc, 
however,  instances  of  degeneration  by  no  means  uncommon — e.g.^ 
amyotrophic  lateral  sclerosis  and  progressive  muscular  atrophy^  in 
which  none  of  these  factors  may  exist ;  and  the  changes  in  the  vessels 
and  neuroglia  must  be  considered,  therefore,  due  to  a  primary  atrophy 
of  the  ganglion  cells  and  their  processes.  Strychnine  and  the  toxins 
produced  by  the  bacillus  of  tetanus  and  diphtheria,  are  examples  of 
poisons  which  act  directly  ui>on  the  nen-e  cells  or  their  processes ; 
and  I^ngley  has  shown  that  nicotine  has  a  specially  poisonous  effect 
upon  the  cells  of  the  peripheral  ganglia.     It  is  possible  that  s^*philitir 
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Figs,  ai?  &  ai8. — A/tifrior  Comua  fmm  J  Cast  of  Polio-myf  litis,  showing 
atrophy  of  Ihc  ganglion  cells.  For  comparison  the  appearance  of  a 
hcftUhy  anterior  comua  Is  showii.  The  small  black  triangles  repre- 
sent the  cells  as  they  appear  under  a  low  magnification.  (P.  W. 
Mjtt.) 


toxins  may  vary  in  different  individuals,  or  that  hereditary  defects  may 
determine  the  seat  of  action  of  the  toxic  agency.  In  some  people 
the  vessels  suffer  first,  in  others  the  nene  cells,  while  in  others  again 
both  vessels  and  nerve  elements  may  be  affected  simultaneously. 

Primary  Lateral  Sclerosis— termed  "  idio)iathic,"  when  there 
is  no  loonl  distikse  affecting  the  |>ath  of  tlie  pyrnmidul  fibres  from  the 
cortex.  It  is  in  all  probability  due  either  to  a  process  of  softening  from 
vascular  occlusion,  or  retrogressive  nutritional  changes  in  the  cells  of 
the  cortex  of  the  motor  area  by  which  the  pifratnidai  tracis-  degenerate. 

Progressive  Mascalar  Atrophy  Hnd  Amyotrophic  Lateral 
Sclerosis  are  probably  one  and  the  same  diseabe.  In  the  former,  Uie 
more  common,  the  degeneration  commences  in  the  lower  segment  of 
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the  motor  patlij  and  the  primary  change  is  in  the  antcfiur 
(Figs.  S17  and  €18);  but  sooner  or  later  the  upper  pyramidal  tcy- 
inent  of  the  motor  path  is  aifected.  Tlie  changes  Ui  the  antCfter 
comua  and  muscles  resemble  those  met  with  in  old  anterior  poKi^ 
myelitis  already  described.  Clinically  the  affection  of  the  prnunkSal 
tracts  is  not  demonstrable  oA^'ing  to  the  primary  wasting  »f  tlie  an- 
terior hom-cells  and  their  corresponding  nmscles^  In  the  amyotivpliic 
form  the  process  commences  in  the  upper  pynunidal  segment  of  tlif 
motor  path.     There  are,  therefore,  exaggerated  deep  rcflcxcsy 


Fig.  319. — /'hato-murogmpk  tfa  Sf<thn  cfthi  Cw^e^i^ftn.ti  (  -« 

a  t  as(  t/  A  myi>tn*phu  Ijkttral  ^</f*vus.  Dc(HMmloa  of  1  he 
pyramidal  and  direct  tracts  and  the  ftnterO'lalBal  kkhau  uLm^^ 
The  direct  cerebellar  tracis,  the  aatero-Uteral  aAoendiag  ttaera  aatf 
especially  the  poiterior  r&iumnt  are  unaffected.  There  was  ataaoa 
complete  Ab»encc  of  cells  and  fine  oerve  Abre  reiicaliini  te  the 
anterior  horns  :  this  is  ob«erv«ble  by  the  dlflncaoe  la  coloar  «■ 
compared  with  the  posterior  boms.    {V.  W.  Mott.) 

pained  or  f(illowe<l  by  a  progressive  and  charactrristir  waiting  of 
gruu|>s  of  muscles  owing  to  degrtieration  of  the  anterior  hora  cclU 
(tvV/r  Figs.  219,  220,  221). 

These  cases  of  amyotrophic  lateral  sclerosis  rtrongly  mpport  the 
view  that  there  may  be  a  primary  retrogressive  nutritional  change  In 
the  ganglion  cells,  followed  by  a  progressive  wasting  of  their  mnmmt, 
commencing  at  the  terminals,  and  gradually  f^rcAding  up  the  ^Jf^^ 
inidal  tracts ;  because  in  some  cases  the  degencratiun  has  beca 
to  extend  only  as  high  mh  the  medulla^  in  others  to  the  pona  or 
while  in  others,  ngain^  the  internal  ca|>Riile  and  the  cortea  hairc  beca 
aflectccL  Bulhar  paraltfuu  is  the  same  disease  as  progmslic  nuftmltf 
atrophy,  and  !s  due  to  a  degeneration  affecting  the  inoCor  nadd  of  the 


i^ 


i 


INFLAMMATION  OF  THE  NERVOUS  SYSTEM. 

medullu,  |>arUcularly  a  group  of  cells  known  as  the  glosso-Iabial  laryngeal 
nucleus.     It  often  fomi^j  the  final  stage  of  progressive  muscular  atrophy. 


Fig.  2ao.— The  same  as  previous  figure,  except  ihal  ihc  section  is  of 
the  sevrnth  lo  eighth  dorsal  segments.  The  pyramidal  tnds  Are 
srteraieJ,  and  ihere  is  considen^lc  de^neration  In  the  Intevmedio- 
latctal  tract.     (F,  W.  Mott.) 


Fig.  2ai. — Drawing  of  a  seciioo  of  a  fasciculus  of  the  ulnar  ncr\'e  from 
the  same  CAse.  with  atrophy  of  a  great  number  of  the  fibn:s,  stained 
with  osmic  acid.  For  account  of  the  case  from  ^\hich these  specimens 
^lere  taken,  vi4r  Bnit*i,  vol.  i-  1895.    |K.  W.  MoU.) 
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General  Paralysis  of  the  Insane  is  consi<lcrrd  by  mmay 
Authorities  to  be  due  to  a  primary  nutritional  change  in  the  ccllt  of 
tlie  cortex  cerebri,  llie  u'tiologicat  factors  of  the  di^eaMr  are  herrditar^r 
dcfectj  alcohol,  s}'philis^  mental  overwork,  sexual  rxcr«s,  and  uUEiel|'. 
The  pathological  process  in  the  brain  bears  a  resemblance  to  tiie  changes 
in  the  cord  in  tabes.  There  is  chronic  tttickeniiig  and  opacity  of  the 
membranes,  jieri-mcephaiUis,  the  veftseU  are  often  Korg^  ^*^  blood, 
and  their  walls  thickened  and  in  a  stale  of  chnmir  infT  -n.     The 

perivascular  lymphatic  stieaths  are  distended  and  fillcii  loocrte*. 

The  ganglion  cells  of  the  cortex  are  degenerated,  6omc  arc  vwoUca  ■!», 
others  atrophied,  and  there  is  an  overgrowth  of  connecUve-tiMoe 
mcrease  of  the  glia-cells.     Generally,   the  frontal  lobes  of  the 
Milfer  first :  the  s\'mptonis  are  varie<l  and  dc|>eiid  in  a  ^CftiA 
upon  the  portions  of  the  cortex  which  arc  most  affected.     SecooAwy 

degenerations  of  the  spinal  cord  frrqocntiy 
occur.  In  some  cases  general  parmlyds  OHf 
be  associated  with  ataxy. 

Insnlar  Sclerosis.  —  DiwrniiMtrrf 
throughout  Uic  central  nervous  system  la 
the  grey  and  white  matter,  more  often  the 
latter,  are  varying  Kixcd  isfftit  of  uilcwnii^ 
consisting  of  a  feltwork  of  6ne  neufogUi 
6briU  (Figs.  222  and  225).  ThU  sctcnMit. 
however,  does  nut  cause  systemic  W&llrrian 
degeneration,  because,  although  the  mychn 
sheath  disappears,  the  nxii»  rylindrr«  piiiiit 
in  the  sclerosed  tissue.  The  chanurtrristk 
rhythmical  tremors  in  intentional  movemcBt. 
may  be  due  to  the  absence  of  the  myelin  sheath,  by  which  rohmtaiy 
impulses  are  not  insulated  in  their  passage  along  the  pynunidal  tract. 

Syphilis  may  produce  multiple  disseminated  patches  of  voftentDf 
and  sclerosis,  but  the  axis  cylinders  are  destroyed  in  the  diseased  loci 
and,  consequently,  there  is  always  secondary  degeneration. 


Pio.  aaa. — SeLtioH  of  th*  MiJ' 
donal  Spinal  Cord  from  a 
Cau  of  Insular  Sclerosis. 
An  islci  of  sclerosis,  stained 
deeply,  occupytn^  no  defi- 
nite tract,  is  seen  in  the 
posterior  column.  (F.  W. 
Mott. ) 


I 


Syringomyelia, 


This  is  a  central  gliosis  of  the  spinal  cord  causing  destnjetkm  of  the 
grey  matter  and  e.rcai'atioH  The  usual  sent  is  around  the  central 
eanal  in  the  peri-rptnd^mal  tissue,  generally  behind  the  canal,  la  the 
grey  substance  of  the  posterior  commissure ;    thence   it    inrades  the 


il 


la 


i 


INFLAMMATION  OF  THE  NERVOUS  SYSTEM. 


567' 


anterior  and  posterior  horns.  It  is  usually  a  neoplastic  formation,  but 
according  to  Charcot  it  may  arise  from  a  central  myelitis.  Its  cause 
is  unknown.     The  resulting  symptoms  are   mtisatlar  trasiingf  and  lost 


Fig.  233.— /«i«Air  Selemtii.  A  small  portion  of  the  edge  of  aa  island 
of  sclerosis  5«en  in  Fig.  233.  Magiiified  xSodinmetera.  The  section 
shows  overgro\t-th  of  the  neuroglia  tissue  at  the  expenM  of  the  white 
myelin  sheath.  The  neuroglia  stains  deeply  with  carmine.  Numbers 
of  black  dots  are  observable  in  the  neuroglia  ;  these  are  sections  of 
naked  axis  cylinder  processes,  their  myelin  sheath  having  dit< 
appeared.  There  are  some  empty  spaces  in  the  section,  but  theac 
are  in  all  probability  accidental.    (F.  \V.  Molt.) 


FiC.  334. — Syringowy^iia.  The  section  is  from  the  cervical  region  and 
shows  a  central  gliosis  of  the  grey  matter  with  excuvaiion  of  the  liase 
of  (he  right  posierior  horn.  I^wer  down  the  excavation  extended 
into  the  anterior  horns  on  both  sides.     (F.  W.  Mott.) 


or  sensation  to  heat  and  cold^  and  painful  impressions,  but  preservation 
of  touch.  This  sensory  disxvcialion  is  peculiarly  characteristic  of  the 
disease,  and  goes  to  prove  that  Schiff  was  right  in  asserting  that  th 
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grey  matter  conducts  painful  sensations^  and  the  posterior  colunius 
tactile  and  muscular  sense  impressions.  The  destruction  of  the  anterior 
horns  produces  the  muscular  wasting,  while  that  of  the  posterior  hom» 
the  sensory  disturbance,  and,  pouibfy,  the  trophic  affections  that 
often  occur  (Fig.  SS4).  Of  course  the  distribution  of  the  motor,  sensory 
and  trophic  changes  will  depend  entirely  upon  the  segments  of  the 
spinal  cord  affected.  There  may  be  unilateral  destruction  of  anterior 
and  posterior  horns  of  the  same  side ;  and  this  has  been  found 
associated  with  motor  paralysis  and  sensory  disturbance  of  the  same 
limb  or  side  of  the  body. 

Primary  Progr— «Itc  Mjopatbles. 

The  etiology  of  this  group  of  muscular  atrophies  is  still  obscure 
Heredity  plays  a  prominent  part,  especially  through  the  maternal  side. 
No  definite  pathological  lesion  of  the  central  nervous  system  has  been 
observed,  and  the  disease  is  said  to  be  a  primary  atrophy  of  the  muscle 
fibres.  Pseydo-htfperii-ophic  paralysis  (p.  f)6),  and  Erb's /aiYwi/r  i>aralifsu, 
are  the  best  known  types. 
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ABSCESS,  aSo 

aeudlogy  of  acute,  280 
formation       ,,         aSo 
cerebral,  550 
chronic,  279 
tnetiistatic.  446,  248 
micrococci  in,  aSi 
01  bone.  457 
of  brain,  530 
of  kidneys.  497 
of  liver,  491 
of  lungs.  515    . 
of  lymphatic  glnnds,  475 
Acinous  cancer,  179 
Actinomycosis,  381,  382,  439 
Activity,  functional,  5 
,,       nutritive,  5 
,,        reproductive,  5 
vital,  5 
Acute  tuberculosis,  384 
Adenoma  of  liver,  170 

,.         of  mammary  gland,  169 
,,        of  mucous  membranes  170 
,,         of  ovary,  169 
of  |>arotid.  169 
of  prostate,  169 
, ,        of  sebaceous  and  sweat  glands, 
170 
of  testis,  169 
of  thyroid,  169 
Adenomata,  i66 
Adeno-fibroma,  167 
Adenoid  cancer,  188 
Adeno-myxoma,  167 
,,      -sarcoma,  167 
Adipose  tissue,  atrophy  of,  31 

, ,         , ,        regeneration  of,  X04 
Aerobic  fungi,  311 
Alimentary  canal,  lardaceous  degencra- 

tion  of,  81 
Alveolar  sarcoma,  357 
Amoeba  coli,  488 
Amyloid  degeneration.  69 
Amyotrophic  lateral  sclerosis,  563 
Anaemia,  195 


Anaemia,  local,  208 

,,         splenic  204 
Anaerobic  fungi,  311 
Aneurysm  by  anastomosis,  135 
,,         from  arteritis,  466 
„  ,,     embolism,  466 

miliary,  555 
Angiomata,  133 

Aneio-sarcoma  myxomalodes,  163 
Ankylosis,  bony,  455 

,,         fibrous,  45^ 
Ante-mortem  thrombi,  or  clots,  329 
Antheridium,  379 
Anthracosis,  94 
Antitoxin,  348 
Apoplexy,  pulmonary,  251 
Arteries,  atheroma  of,  467,  86 
,,        calcification  of,  86 

fatly  de^neration  of,  54 
,,       in  chronic  Bright's  disease,  464 
,.       inflammation  of,  462 
,,       in  syphilis,  432,  464 
terminal,  241 
Arteritis,  acute,  46a 

„       chronic,  463 
Artery  of  haemorrhaj^e,  556 
Arthrosporous  oi^anisms,  308 
Asci,  379 
Ascogonium,  379 
Aseptic  traumatic  fever,  360 
Atavism,  16 
Ataxic  paraplegia,  56a 
Atelectasis,  523 
Atheroma,  86,  463 
Atrophy,  9,  39,  209 

causes  of,  31 
numerical,  39,  30 
of  adipose  tissue,  31 
physical  characters  of,  31 
simple,  39 


•*  BACK.TELUNG."  17,  346 
Bacillus  anthracis,  357 
,.      coli  communis,  363 
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Bacillus  of  diphtheria,  363 
„      of  glanders,  357 
,,      of  influenza.  3^ 
..      of  leprosy.  357 

of  rhinoscleroma,  357,  437 
subtilis,  337 
..      syphiliticus,  357,  437 
tetanus,  368 
fiberculosis.  357.  395 
of  lyphoid,  359 
Bacteria  or  schUo-roycetes,  304 
,,       anbrosporous,  308 
,,       classification,  3J34 
,,       conditions  of  life  of,  309 

distribution  of,  in  Nature,  3x4 
,.       endosporous,  308 
. .       monomorphic,  309 
,.       mutability  of,  337 
,,       noO'pathogenic.  319 
„       pathogenic.  347 
,.       polymorphic,  309 
..        products,  330 
.,       reproduction,  306 
, ,       specific  classification  of.  331,  347 
,.       spontaneous  generation  of,  319 
Bacterium  termo,  347 
Bedscves,  acute,  7 
Blastomycetes,  304.  377 
Blood,  ante-mortem  coagulation  of,  239 
,,      post-mortem  caigiilation  of,  228 
..      and  circulation,  changes  in,  316 
.,     •coagulation,  223 
,.    -corpuscles,  migriUion  of,  371 
.,    -cysts.  138,  164 
,,     -vessels,  calcification  of.  86 

.,         fatty  degeneration  of,  54 
inflammation  of.  363 
in  local  anaemia,  309 
..         „        lardaceousdegeneration,7i 
,,         ,.        new  formation  of,  133 
>>         ,,        n^encration  of.  104 
Bone,  atrophy  of.  34 
, ,      caries  of,  457 

inflammation  of,  403 
..      necrosis  of,  458 
regeneration  of.  X13 
sclerosis  of ,  457 
Brain,  abscess  of,  550 
embolism  in,  350 
fatty  degeneration.  60,  250 
inflammation  of,  549 
inflammatory  softening  of.  503 
red  softening  of.  63,  350 
softening  of,  from  embcdism,  350 
sclerosis  of,  506 
. ,      thrombosis  of.  350 
„      tubercle  of,  404 

white  softening  of,  61 
,,      yellow  softening  of,  62 
Brown  atrophy  of  heart,  59 

induration  of  lungs,  318 
Brown-Scquard's  paralysis.  559 
Bulbar  paralysis,  564 


CACHEXIA,  canoeroiis.  119 

Calcareous  degeneratioa>  83 

of  wteriei;  16 

Calcification,  83 
Cancer.  173 

,,      adncMis,  179 
Cancer*bodies,  173.  178 
,,     chronic,  x8i 
,,     coUoid,  189 
„     cystic.  193 
,.     epithelial.  180 
Capillaries,  fatty  dqgeDermtioa  of,  56 
Carcinoma,  173 

„  aden<Md.  158 

,,  blood-vesaeb  of.  176 

,,  celts  of.  173 

,,  clinical  charmcten  of,  xSo 

coUoid,  X89 
,,  development  of»  X76 

,,         encai^ialoid,  183 
.,  epithelial.  184 

,,  genesis  of,  x^ 

.,  lymphatics  of,  176 

,,  melanotic,  X59 

.,  osteoid,  x6o 

,,  scirrhus,  i8x 

secondary  changes  in,  X79 
,,  stroma  of,  175 

,,  structure  of,  173 

,,  varietieii,  173 

Carcinomata,  172 
Cardiac  failure,  313,  223 
Caries,  457 

necrotica,  457 
Cartilage,  inflammation  of,  454 
regeneration  of.  X04 
Caseation,  53 

of  products  of  scrofulous   in- 
flammation, 430 
,.        of  tubercle,  389 
Caseous  masses,  pathological  si^xuficanoe 
,  of,  S3 
Casts,  503 
Catarrh,  48a 

mucous.  483 
,,      purulmt,  483 
,,       serous,  482 
Cell,  definition  ctf,  2 
, ,    nucleus  of,  4 
,,    protoplasm  of,  3 
Cells,  540 
,.    lonstitutioo  of.  a 
.,    eoAinophile.  397 
..     epitheli(»d,  ajb 
,,    functions  of.  3 
,.    ganglia.  543 
..    ganglion,  54a 
,,     genesis  0^,  10.  176 
'  mdifrefent,"  1x6 
,,     multiplication  of,  xx 
.,     neutr^^ile,  397 
,,     nutritive  exchange  of,  6 
„     physiology  of,  4 
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Cells,  requirements  of,  5 

,,    specialised,  3 
Cell-wall,  nature  of,  q,  3 
Cerebral  abscess,  ^5° 
',,        hzemorrhage,  555 
,,        softening.  60,  250 
Cerebro- spinal  meningitis,  549 
Chloasma,  383 
Chloroma,  153 
Chlorosis,  196 

,,         pathology  of,  197 
Cholera,  370 

,.       spirillum,  37X 
Chondromata,  141 
Chromoplasm,  4 
Cicatricial  tissue,  278 
Cirrhosis,  biliary,  493 
, ,        of  liver,  493 
Cloacae,  458 
Clot  or  coagulum,  333 
Clots,  ante-mortem,  229 

,,      post-mortem,  228,  229 
Cloudy  swelling,  63,  473 
Coagulation  necrosis,  x>,  22,  68 
Cold  abscess,  457 
Collateral  circulation,  309 
Colloid  cancer,  66,  180,  189 
„      cells,  66 
,,      degeneration,  6c 
Columnar-celled  epithelioma,  i88 
Concentric  globes,  184 
Condensing  ostitis,  457 
Condylomata.  165 
Congestion,  209 
Conidia,  378 
Conidiophore,  379 

Connective-tissue,  fatty  infiltration  of,  41 
,,  inflammation  of,  433 

,,  r^eneration  of,  103 

,.  tumours,  135 

Contagion,  299 
Cornea,  inflammation  of,  454 
Cord  symptoms,  553 
Corpora  amjlacea.  81,  83 
Corpuscles  exudation,  264 
Croup,  484 

Cryptogenetic  inflammation,  392 
Cultivation  of  germs,  methods  of,  331 
Cylindroma,  163 
Cystic  adenomata,  x6g 
,,     adeno-sarcomaia,  169 
,,     cancer,  19a 
Cystic-sarcoma,  19a 
Cystitis,  7 
Cysts,  190 

classification  of,  193 
,,      congenital,  jgs 

dermoid,  190,  195 
,,      extravasation,  193,  194 
,,      exudation,  193 
,,      mammary,  19^ 
,,      modes  of  origin  of,  191 
„      ovarian,  195 


Cysts,  [woliferous,  193 

retention,  X93 
,,      sanguineous,  193 
,,      secondary  changes  in,  193 

simple  or  compound,  192 
,,      structure  of,  191 


DEGENERATION,  28,  553 

,,  amyloid,  69 

,,  calcareous,  83 

colloid,  65,  66.  180 
fatty,  39 
granular,  63 
,,  hyaline.  69 

lardaceous,  69 
mucoid,  66,  190 
,.  pigmentary.  87 

,.   of  nerves,  primary     patho- 
logical, 559 
ascending.  558 
descending,  559 
granulo-fatty, 

556.  551 
secondary,  553, 

557 
, ,  , ,        physiological 

effects  of,  544 
pi^entasy,  87 


primary,  544 


''allerian,  543 
..     early,  543 
,.     later,  543 
Dendrites,  540 
Dermoid  cysts,  190,  195 
Desmobacteria,  357 
Development,  errors  of,  125.  187,  56a 
Diphtheria,  363 
Diplococci,  307 
Disease,  i,  12.  13 

acquired,  14 
,,        actiolo^  of,  15 
, ,       and  micro-organisms,  339 
, ,       effects  of  previous,  17 
exciting  causes  of,  16 
general  and  local,  14 
germ  theory  of,  299 
,,       inherited.  13, 14 
, ,       mude  of  extension  of,  17 
.,        predispc»ing  causes  of,  15 
,,       structural  and  functior^,  15 
,.       terminations  of.  18 
Diseases,  conta^otis,  39S 
,,         infective.  339 
,,         varieties  of,  13 
Dropsy,  3x9,  221 
Dysentery,  486 
Dystropodextrin,  73 


ECCHONDROSES.  143 

Emboli,  capillaiy,  248 
„      fat,  349 
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Emboli,  iafective,  347 

„      sources  of,  237 
Embolic  or  inetastatic  abscesses,  348 
Embolism,  237,  2»,  441 
„         arterial,  343 
,.         in  bcain.  345 
,.         irritant  effects  of,  347 
„         later  changes  in,  347 
.,         results  of.  240 
„         softening  from,  347,  350 
Embryonic  remains,  theory  of,  S35 
Emignition  of  blood  corpuscles  in  inflam- 
mation, 364 
Empyema,  490 
Emphysema,  36 

„  miology.  38 

„  atrophous,  36,  38 

„  hypcrtrophous.  36 

„  primary,  38 

„  pulmonary  vesicular,  36 

„  secondary,  39 

„  varieties,  36 

Encephalitis,  549 
Encq}haloid  cancer,  183 
Enchondromatfl,  141 
Endarteritis,  chronic,  463 
Endocarditis.  468 

„  acute,  469 

„  chronic.  471 

„  papillary,  469 

ulcerative,  470 
Endosporium,  378 
Endosporous  organisms,  308 
Enostoses,  144 
Eosinophite  cells.  397 
Epiblast,  13 
Epithelial  cancer,  180 

nesis,  184 
Epithelioid  cells.  376 
Epithelioni.1,  179,  184 

„  columnar.  179,  180 

squamous.  179 
Epithelium,  rt-gencraiion  of.  109 

„  tumours,  164 

Epulis.  137.163 
Erb's  juvenile  paralysis,  ^68 
Erysipelas,  351 
Ex'osporiuro.  378 
Exostoses,  144 
Extravasations  fate  of.  89 
Exud.ation  in  inHainmaiiun.  264 


FARrV,  434 
Fat,  absorption  of,  40 
, ,    as  cause  of  embolism,  237 
,,    necrosis,  34,  35 
, .    sources  of.  40 
FrtKy  degeneration,  39  -60,  209 

of  blood  vesbels,  54 
,,  ,,  caus«*s  of,  49 

,,  of  .nrteries,  54 

of  brain,  60.  3^0 


Fatty  degeneration,  of  cmiriOaiirs.,  56 
..  ..  ofhciut,57 

..  of  kidneys.  60 

..  ..  c^  muscle.  56 

.,     infiltrattOD,  39.40 

,,         of  conDcctive-ttmie.  41 

of  bean.  43.  44 
..         of  liver,  43.  45.  46 
of  mi»cli^43.  56 
,.     metamorphosis,  39,  47.  50,  63 
Favus,  381 
Fermentation,  398 

etiology  of,  399 
,,  germ  theory  of.  399 

of  urine,  >47 
,,  physical  theory  of,  300 

products  of.  303 
,,  vital  the<»y,  30a 

Ferments,  organised.  300.  303.  330 

unorganised,  joo,  303.  330 
Fever.  353-261 

,,      aseptic  traumatic.  a6o 
,,      definition  of.  253 
,,      essential.  360 
hysterical,  361 
iiifective,  360 
,,      inflammatory,  260 

nervous,  260 
,,      non-infeciive,  260 
,,      pathology  of,  258 
primary,  260 
secondary.  360 
,,      simple  traumatic,  360 
,.      stages  of.  354 
,,      symptoms  ot,  254 
tempeiatuiv  in.  355 
Fibroblasts,  376,  377 

Fibroid  induration,  as  rtsultof  inti.mnia- 
tion,  379 
,,  ,.         asresuU ol  mechan.«.  1. 

hypenfmia.  314 
.,  ,.  as    result  of  >vpKJ:« 

428 
,.  ,.  of  hcirt,  474 

Fibromata,  135 
Fibromyoma,  133 
Fibroplastic  tumour,  157 
Formative  cells,  376 
Friedreich's  disease,  563 
Functional  activity,  5 
Fungi,  398 


GANtiRKNi:,  19 

circuniscribed.  33 
drv,  31 
.  ,,  inttimmatory.  24 

moist,  22 
,,  senile,  20,  21.  34.  87 

,,  traumatic  sprcadmt; 

(iclatinifomi  cnncrr,  180,  18^ 
Cieneral  paralysis  uf  the  insane,  zfy- 
Genesis  of  O'lls.  10.  176 
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Germ-theory  of  disease,  299 

Giant-cells,  385 

Gtani-KTOwth,  99 

Gibbes  double  stain  for  tubeitle  bacilli, 

330 
Glanders,  434 
Glands,  scroMous,  476 
GlandiUar  tumours,  166 
Glioma,  T55 

Glomerulo-nephritis,  504 
Glossy  skin,  8 
Gluge,  corpuscles  of.  51 
Gonorrhoea,  micrococci  in,  352 
Gram's  method  of  siaioing  micro-organ* 

isms,  330 
Granular  degeneration,  63 
Granulations,  376,  385,  386 
Granulation  tissue,  376 

,.  ..      growth,  a86 

Granule-carriers.  51 

„        cells,  51 
Granulomata.  infective,  383 
Grey  degeneration,  559 

,,    matter,  543 
Gummata,  378,  430,  431,  439 


HAEMATIC  pigments.  87 
Hsematoidin,  63,  88,  89.  90 
Heemoeenesis,  303 
Haemolysis,  aos 
Haemorrhage  infarct,  341 
Hasmosidenn,  88 
Healing  of  wounds,  109-1x3 
Health,  standud  of,  i,  I3 
Heart,  brown  atrophy  of,  59 
,,     changes  in  pyrexia,  64 
,,      cloudy  swelling,  64 
,,      fatty  dc|[eneration  of,  57 
.,        ,,     injiltration  of,  43 

fibroid  induration  of,  474 
.,      hypertrophy  of,  99-101 
„      inflammation  of,  473 
Hepatic  abscess,  491 
Hepatisation,  grey,  51  x,  513 

red,  511 
Heredity,  16 
Herpes,  8 
Heterologous,  117 
Heterotopic,  X17 
Hodgkin  s  disease,  148.  304,  3o6 
Homologous,  X17 
Horns,  165 
Hyaloplasm,  3 
Hydrocele,  encysted,  193 
Hygromata,  195 
Hyperaemia,  209 

,,  active,  309 

,.  mechanical,  309,  aiz,  ai6 

, ,  of  liver,  ai6 

,,  of  lungs,  318 

,,  post-mortem    evidences   of, 

a»5 


Hypenemia,  results  of,  ati,  313 
Hyperplasia,  96 
Hypertrophy,  9,  93 

„  compensatory,  97 

false,  96 

,,  pseudo-,  96 

Hyperpjrrexia,  355 
Hyphae,  378 
Hyphomycetes,  304,  378 
Hyi}oblast,  za 
Hypostatic  congestion,  313 


ICTERUS  neonatorum,  91 
Immunity,  acquired,  341,  343 

„  from  infective  diseases,  34Z 

.,  inherited  or  natural,  341 

theories  of,  346 
Infarct,  241 

„       hnsmorrhagic,  341,  34a 

large,  247 
,,       small,  347 

white,  34X,  343 
Infarction.  341 

, ,  pathology  of,  343 

Infective  diseases,  398,  339 

,,  ,,        immunity  from,  341 

.,      granulomata,  383 
,,      poisons,  486 
Infiltrations,  so 

albuminous,  63 
„         fatty,  4C 
Inflammation,  30,  aoi,  a68 

,,  aetiology  of,  aSo 

,,  cliniou  si^os  of,  373 

..  changes   m   blood-vessels 

and  circulation  in,  963, 
363 
„  changes     in     inflamed 

tissuesi  368 
croupous,  484 
.,  crypto^netic,  393 

,.  definition,  a6i 

,,  diphtheritic.  399,  436,  485 

.,  emigration  of   bldod-oor- 

puscles  in.  364 
,,  essential  lesion  of,  368 

explanation  of  microscopic 
phenomena  of,  370 
, ,  extravascular,  397 

..  exudation  in,  371 

.,  fibrinous,  37c 

,,  formation  ofpus  in,  380 

,,  gangrenous.  389 

,,  haemoTThagic,  386 

histology  of,  a6z 
..  idiopathic,  389, 393 

,,  infective,  380 

,,  intravasciUnr,  397 

,,  membranous,  375 

, .  modes  of  arrest  of,  395 

spread  of,  394 
..  necrotic.  288,  389 
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Inflammation,  phagocytosis  and.  997 

phanerogenetic,  289,  390 

process  of,  a63 

productive,  376 
,,  purulent,  380 

scrofizlous,  430 

sero-fibrinous,  375 

serous,  374 

simple,  389,  390 

stasis  in,  371 

suppurative,  sSo 

terminations  of,  387 

traumatic,  389.  390 

ulceraiive,  384 

varieties  of,  273 
, .  of  art«^ries,  ^62 

„  of  bloodvessels,  463 

,,  of  bone.  455 

, .  of  brain  and  spinal  cord, 

549 

of  cartilage,  454 

of  central  nervous  system, 
549 

of  connective-tissues,  453 
,.  of  cornea,  454 

of  heart,  468 

of  kidneys,  505 
,,  of  liver,  49  K 

of  lungs,  509 

of    lymphatic    structures, 

of  menmges,  547 

of     mucous    membranes, 

48a 
of  serous  membranes,  483, 
48S 
,,  of  special  ner\-es.  369 

of  tissues,  262 
of  veins.  467 
Inflammatory  fever.  260 
Influenza  bacillus,  367 
Insular  sclerosis.  566 
Interstitial,  379 

.,  hepatitis.  491 

,,  nephritis,  505 

pneumonia,  521 
Intestine,  lardaceous  df|cnc*rHtion  of,  81 
, ,         tuberculosis  of,  408 

typhoid  ulceration  of,  478 


KARYOKIN'ESIS.  11 

Keratitis,  trigeminal,  8 

Kidney,  abscess  of,  497 

cloudy  swelling,  64 
fatty  degeneration,  60 
glomerulo-nephrilis,  504 
granular.  508 
infarction,  244 
interstitial  nephritis,  505 
lardaceous  degeneration  of,  76 
Icucha-mic,  307 
scarlatinal  nephritis^  504 


Kidney,  surgical,  497 

,,       suppurative  nephritis.  497 
.,        tubal  nephritis,  500 

Knee-jerk,  546 


LANDRY'S  paralysis.  554 
Lardaceous  degeneration,  6q.  73 

nature  of.  73 
of    alimcDury 

canal.  St 
of      blood-ve»- 
se-ls,  71 
,,  of  kidneys.  ;*> 

,,  ,,  of  livirr.  75 

of   lymphat:c 
KUnda.  81 
,.  of  spleen.  79 

iiubstance,  nature  of.  ^ 

reactions  of.  70 
lecithin.  49 
]>cprosy,  434 

anx>sthetic,  424 
,,         tubercular.  434 
Leptomeningitis,  548 
Leptothrix.  307 
Leuchaemia,  303 

,,  blood  in,  304 

kidneys  in.  307 
liver  in,  307 
lymphatic,  303,  aoo 
mairow  in.  300 
,,  myelt^enic,  303 

pathology,  203 
spleen  in.  305 
Leucocyiosis,  303 
Lipomaia,  139 
Lithopa^ion.  84 

Litten's  explanation  cf  infarction.  344 
Liver,  abscess  of.  491 
,,      acute  yellow  atrophy  of.  490 
adenoma  of,  1 70 
changes  in.  in  pyrexia.  64 
cirrhosis  of,  493 
,,      fatty  infiltration  of,  45.  493 
inflammation  of.  491 
in  splenic  anarmia.  307 
lardaceous  degeneration  of.  jz. 
leucharmic  growths  in,  307 
nutmeg.  47,  316 
,.      syphilitic  disease  of.  434 
I,ocomotor  ataxy.  560 
Lu:fHer's  suin,  364 
Lungs,  atjscess  of,  515 

bruncho- pneumonia,  516.  52.: 
,,        brown  induration  of.  aiS 
catarrhal  pneumonia.  501^ 
cirrhosis  of.  509 
croupous  [Hieumonia,  50, 
emphysema  of.  36 
gangrene  of,  515 
hyperurmia  of.  3tB 
hypostatic  congestion.  313 
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Lungs,  induration  of,  ai8 
infarction  of,  251 
inflammation  of,  505 
interstitial  pneumonia,  531 
pigmentation  of,  9a 
,,       phthisis,  536 
,,        tuberculosis  of,  4x0 
Lupus  nodules,  378 
.,      vulgaris,  419 
Lymph,  319,  375 
Lymphadenoma,  148 
Lymphagogues,  aao 
Lymphangiomata,  150 
Lymphatic  glands,  inflammation  of,  475 
,,  ,.      lardaceous   degenera- 

tion of,  81 
.,  ,,      leuchasmic  306 

.,  ,,       non-inflammatory,  145 

enlargement  of,  148 
,,  ,,      scrofulous,  430 

■ .  , ,      tuberculosis  of,  406 

„  structures,  inflammation  of, 

in  typhoid  fever,  477 
Lymphocytes,  397 
Lymphomata,  145 
Lympho-sarcomata,  147, 156 


MADURA  FOOT.  381 
Makrocbeilia,  99,  150 
Makroglossia,  99,  150 
Malaria,  448 

blood  in,  449 
, ,       Plasmodium  of,  453 
Malignancy,  119,  134 

.,  cachexia  of,  134 

,,  causes  of,  133 

,,  diflerent  degrees  of,  119 

secondary  growths,  130 
,,  theories  of,  135,  127 

Malignant  oedema,  370 
pustule,  358 
Mallein,  437 
Mammary  gland,  adenoma  of.  169 

,,        adeno-fibroma  of,  167 
,,  ,,        adeno-sarcoma  of,  167 

,.  ,,        cystic  sarcoma  of,  169 

scirrhus  of,  183 
Marchi's  stain,  543 
Measles,  micrococci  in,  357 
Melanin,  89 
Melanosis,  159 
Melanotic  sarcoma,  1:59 
Meninges,  inflammation  of,  547 
Meningitis,  548 

,,  tubercular,  404 

Mcsarteritis,  465 
Mcsoblast,  13 
Metamorphoses,  39 
Metastatic  abscesses,  348,  446 
Microbacteria,  357 
Micrococci,  347,  357 

ofatrophyofliver{acute),  357 


Micrococci,  of  dysentery,  486 
of  erysipeUu.  351 
of  gan^ne  (spreading  trau- 
matic). 350 
, ,         of  ^oncvrhoea,  353 
of  mflammaiion,  348 
of  measles.  357 
ofmeningitis  (cerebro-spinaly. 

357 
of  osteomjrelitis  (acute),  455 
, ,         of  pneumonia,  353 
,,         of  pyaemia,  441 
,.  of  5rptic£emia,  441 

,,         of  suppuration,  348 
of  typhoid,  359 
of  typhus.  357 
Micro-organisms,  cultivation  of,  331 

,,        in  fluids,  331 
,,        in  solids,  333 
plate- cultures.  333 
tube-cultures,  333 
demonstration   of,   in 
fluids,  339 
disease  and,  339 
growth  of,  338 
in  tissues,  330 
staining  of,  339 
virulence  of,  338 
Microsporon  furfur,  383 
MoUities  ossium,  458 
Molluscum  fibrosum,  136 
Mortiflcation,  19 
Moulds,  304,  378,  380 
Mucin,  characters  of,  65 
Mucoid  degeneration,  05,  190 
Mucous  cysts,  193 

,.      membranes,  adenomata  of,  170 
..         catarrhal  inflamma- 
tion of,  48a 
.,  ,,         croupous  inflamma- 

tion of,  48a 
diphtheritic  inflam- 
mation of,  48a 
. ,  , ,         tuberculosis  of,  407 

Mummification,  33 
Muscle,  atrophy  of.  34 

,,       cloudy  swelling  of,  64 
,,       fatty  degeneration  of,  56 

fatly  inhltnition  of,  43 
,,       in  typhoid  fever,  64 
regeneration  of,  106 
Zenker's  degeneration  of,  68 
Mycetoma,  383 
Mycoprotein.  305 
Myelites,  diffuse,  55a 
Myelitis.  55a 

acute.  551 
,,        central.  553 

meningo-,  55a 
,,        transverse,  553 
Myelogenic  Icuchsemia,  303,  204 
Myeloid  tumour,  x6a 
cells,  16a 
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Myocarditis,  473 
Myomalacia  cordis,  475 
Myomata,  131 
Myotatic  irntat»liCy,  553 
Myoma  of  uterus,  131, 13a 
MyxQcdema.  65 
Myxomata,  138 
Myxo-sarcomata,  163 


NASAL  POLYPUS,  137 

Necrobiosis,  aa 

Necrosis,  19.  309.  ai5,  288,  458- 

,,        causes  of,  19 

coagulation,  ao,  aa 

,,        course  of.  a3 
fat,  34-36 
Nephritis.  496 

.,        ^fomenilo-,  504 

„        interstitial,  505 

, ,        parenchymatous,  500 

,,         scarlatinal,  504 

,,        suppurative,  407 
tubal,  500 
Nerve-fibres,  systems  of.  542 
Nerves,  r^eneralion  of,  107 

section  of,  35 
Nervous  system  as  cause  of  atrophy,  3s 

,,  ,,      and  nutrition,  7 

Neuromata,  13a,  137.  239 
Neuron,  540 
Neutrophile  cells,  297 
New  formations,  95 
Non*pathogenic  organisms.  319 
Nucleus,  3,  4 
Nucleoplasm.  4 
Nutmeg  liver,  47,  216 
Nutrition,  arrested,  19 

..         impaired,  a8 

increased,  95 

Nutritive  equilibrium,  5 

„       exchange,  6 


OBESITY.  40.  43 
Obstruction  in  arteries,  19 

in  capillaries.  19 
,.  in  vems,  19 

CEdema,  inflammatory,  374 

,,       nuUignant.  370 
Oidium  albicans,  377 
Oospheres,  379 
Organisms,  398 

arrest  of  323 
cultivation,  331 
fate  of.  331 

methods  of  investigation,  339 
virulence  of,  338 
Osteomalacia.  458 
Osteomata.  144,  171 
Osteo-chondroma,  14a 

,.     myelitis,  350,  455.  456 
Osteoid  sarconu,  x6o 


Ostius*  453.  456 

„      condensing.  457 
..      deformans,  457 
mrefying.  457 

Ovarian  cysu.  193 


PACHYMENINGITIS,  548 
Papillomata,  1&4 
Paraplegia.  55a 

,,  ataxic,  563 

Parasites,  vegetable,  398,  Y34 

.,        conditions  <k  life  and  gTo«th. 

309 

Pathogenic  bacteria,  347 

organisms,  319 

Pathology,  modem,  i 

Pelvis,  osteomalacic,  461 

Peri  -epend  yma.  553 

Peri-encephaliti^  566 

Pcri-bepaiitis,  491 

Periostitis,  455,  456 

I'erithecium.  379 

Pernicious  an;L-mia,  108 

blood  in,  X99 
heart  in,  aoo 
,.  marrow  in.  199 

pathology  oC  aot 

Phagocytes.  297 

Phagocytosis,  207 

Phlebitis,  324.  235,  467 

Phleboliths,  84 

Phosphorus,  effects   of.  48,  50.  $8,   cio. 

303 

Pbvsiological  resistance.  31,  123 
Phlegmasia  dolens,  236 
Phthisis,  "collier's,"  94 

,,       "  knife- grinder's."  94 
.,       pulmonary,  .S36 

,.  x-tiology  of,  539 

. ,  , ,  histology  of,  537 

pathology  of,  535 
tubercle  bacilli  m, 

395 
Pia  mater,  tuberculosis  of.  404 
Pigment,  sources  of,  87 
l*ignwnlary  degeneration,  87 
Pigmentation,  8,  37,  179.  315 

,,  from  the  blood.  90 

bik.  90 
,,  extraneous,  91 

,,  of  lungs,  93 

of  sputum,  93 
Pityriasis  versicolor.  38a 
Plasmodium  malariae,  45a 
Pneumonia,  broncho*  or  catarrhal.    ^10 

croupous.  509,  531 

hypostatic  530 
,.  interstitial  or  chrcmic.  ui 

micrococci  in,  353 
Polypus,  nasal,  137 
Post-mortem  changes,  a6,  37 
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Fbs 


amscsiar  nxopfar.  5^ 
z 


PracoiSK  rf  iiBi 'arn.  c^ 
f^unoBBDT  JpcpifTT,  351 

IIMCBCICC    gSP 

in.  ^ 


tad  fqpncHBU.  ^t 


Rayaericap.  c?i.  aSd 

of  odipOKcissoit.  10:2 
.,  bone,  104.  ca5 
..  cartilage,  104 
,.  cnimnoo  connectiw-rls^ur?. 
tos 
,.         ,,  •epitbeliinn,  109 

.,  nmsde,  to6 
„         ..  oerre  ceHa  anrf  n'*r.TS,  jot" 
..  vessels.  102 
RrtapBny  ferer.  370 
Repair.  6 

ReMBOoa  cysts.  193 
roaa.  4.37 


of  Chang*  in  mTiscl-". 


Rkkeis.459 
Ridsecj  pehis.  ^1 

Rifor  mortis,  afi 


37 
Rodoit  aker,  187 
Root  sytnpconis.  553 


•'  HMXy  SPLEEN."  79.  80 
S«£vmr7  g!biid9.35 
SaapsaeocB  cysts,  193 
Stt^nmia.  44a-44f 
357.  568 

alveolar,  157 

clinical  characters  of,  153 

cystic,  192 

lyiapho-,  156 

iDCfanotic.  C59 

niaed-celled.  153 


■ntmit'^siUaL  rss.  r;-: 
Jciniilif-^silKtL  z^ 
TLTrtars.  c=u.  :^ 

5car-cssce.  t^ 

rr'^cummiL  ris 
S*.--.'— *;s    1.— i  .cr.xinc  .ai'-n^  =!■  f 

:nsu."ar   5=c 

:t  ;cr>'.  4,57 
:t  :ru-.  55; 

cf  =L  Ctf.    3M 

Si-pCic  ir.tVct' -r_  jj.:,  jjj.  iis 
..      LczJiicaz-'.-r.  4-u:.  4J4-  ++? 

Seqairfsmin.  4.; 5 

S«oii5  ::ii;!ncri.-r».-s.  .iiiiummaticn  of.  486 

Sk--.  tr.T.::*^  :u  x 

Slouch.  ^:.-.L-{j»-*iT  :i.  36^ 


I    .' 


Sp<rrt!a:cjt.-«.i3.  jt^; 

Spirjd  o"d   ■•^•'.itTTaialioQ  of.  551 

scItiTvisis  of.  552 
SpiriUun:  of  c-cirrx  371  ~ 
Spirotuvttfro.  570 
Spiroch^vci.  ?07,  370 
Spleen.  ljn.Ut.'«ous  degennation  of,  79.  80 

leuch."emic,  205 

in  typhoid  fever.  47S 
Splenic  anemia.  204 

fever.  357 
Spontaneous  generation.  319 
Sporangiophore,  378 
Sporangium.  379 
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Staphylococci,  307 

Sterigmata,  379 

Streptococci,  307 

Suppuration,  279.  aSo,  383,  389,  393.  348 

Syphilis,  427,  464 

„       arterial  changes  in.  43a 
, ,       fibroid  changes  in,  4^ 
,,       gummata  in,  430 
„       nature  of  lesions  in,  437 

SyphJloroata,  439 

Syringomyelia,  566 


TABES  dorsalis,  560 
Tattooing,  93 

Temperature  in  health,  353 
,,  paradoxical,  3^ 

.,  post-motem,  rise  of.  358 

Teratomata,  190 
Tetanine,  369 
Tetano-toxine,  369 
Tetanus  bacillus,  368 

,,        toxalbumose,  369 
Thallophytes,  304 
Thermogenesis,  359 
Thermotaxis,  359 
Thrombosis,  333-328,  353 
,,  causes  of,  333 

„  of  brain,  350 

..  results  of,  334 

Thrombus,  3^  337 

„         calafication  of,  333 
,,         canalisation  of,  333 
„         character  of,  338 
„         later  changes  in,  330 
, .         organisadon  of,  33 1 
.,         red,  399 
,,         secondary,  339 
,,         softening.  333 
, .         white  or  mixed,  339 
Thrush,  377 
Tinea  drdnata,  383 
,,    kerion,  38a 
..    sycosis,  383 
,,    tonsurans,  581 
„     unguium,  383 
Toxines,  321 

Transplantation  of  tissues,  113 
Traumatic  fever,  260 
Trichophyton  tonsurans,  381 
Trophic  influence,  7-9,  561,  552 

„        nerves,  9 
Trophoneuroses.  35 
Tubercle.  381,  384 
,,         bacitn,  395 

giant-cells  in,  385 
grey  and  yellow,  384 
histology  of,  385 
,,         in  pulmonary  phthisis,  537 

naked-eye  appearances  of,  384 
,.        older  doctrines  respecting,  393 
seats  of,  385 
!iecondary  changes  of,  389 


Ttiberde,  source  of  odlls  in,  387 
Tubercular  disease  of  bones,  4x4 
M  emp]rcaia,  418 

.,         hydrc^K,  418 
leprosy.  424 
meningitis,  404 
,,         osteomyelitis,  415 

pntostitis.  415 
,,         sjrnovitis,  417 
Tubercoloas,  acute,  384 

xtiologT  o(,  393 
aniftcial  production  of.  393 
of  cartilage,  417 
of  intestine.  408 
of  lungs,  410 
of  lymphatic  glands.  406 
of  mucous  membranrs,  ^r 
of  pia  mater,  404 
pathology  of.  393 
Tuberculous  diathesis,  433 
Tuberosa  synovitis,  419 
Tumours,  114 

xliology  of.  ia4-'30 
,,        causes  of  malignancy,  120 

classification  of,  130 
,,        clinical  course.  119 
,,        connective-tissue.  135 
,,        cystic,  190 
,,        definition,  115 
, .        development  of.  115 

m.ilignant.  fiu 
„         parasitic  theory.  137 
,,         recurrence  and  genrraltution 

I30 

retrogressiw  changes  in.  118 
,,        simplf,  119 

,,        theory  of  embryonic  remain*. 
125 
Typhoid  fever,  359 

,,  ,,     !nicro-organtsnis  in,  35A 

,,  .,     muscul-ir  change  in.  tx^ 

Typhus,  micrococci  in,  357 


ULCERATION,  tubercular,  of  intestin<'. 
408 
typhoid,  of  intestine. 

478,  481 
Urine,  fermentation  of,  347 
Uterus,  myoma  of.  131.  133 


VACCINIA,  micrococci  in,  357 

Vacuoles,  3 

V^etable  parasites,  398.  ^ 

,,  ,,         classification  of,  334 

.,  .,        conditions  of  lif-'Uif 

, .  distnbiit  ion  of,  in 
Naturr.  314 

,.  methods  of  demoo- 
ttxating,  339 


INDKX. 
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Vegetable  porasUes,  morphology  and  life* 

history,  304 
Veins,  inflammation  of,  467 

„     varicose,  467 
Vibrio,  307 
Virchow's  dictum,  10 
Vital  activity,  5 

„     energy,  5 
\ntality,  depr^sed,  334 


WALLERIAN  degeneration,  543 
Warts,  x6s 
Waste,  6,  3a 


Wens.  136 

Weigert  s  stain,  329, 543 
White  matter,  ^ 
Woolsorter's  disease,  358 
Wounds,  hading  of,  109-103 


YEASTS,  304,  377 


ZENKER'S  degeneration  of  muscle.  68 
Ziehl's  fluid,  331 
Zoogkca,  307 
Zygospores,  379 
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